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PREFACE. 

The writer has been employed since 1903 to date on the design and execution of water-supply 

schemes, sewerage schemes and Hydro-Electric schemes in different parts of India. While working 

with specialists from England and America, certain notes and Technical details, not available in 

Books on Hydraulics (generally written by eminent professors with no practical experience) have 
been collected from time to time. 


The specialists kept their trade secrets with themselves and their services were renewed by 
Government for years, even after they attained the age of 55 years, because they could not be replaced 
by right men. Though getting princely salaries, they did no research work in this science. 

The notes and Technical details collected from different schemes, different books, different 

Techmcal Engineering journals, both foreign and Indian, also Encyclopaedia Britannica, are now 

put in the form of this book, which also contains first principles of the different subjects forming the 

science of Hydraulics as a whole. Numerous examples, fully worked out, are also given for guidance 
of college students. 

The trade secrets of specialists, on which water-supply and sewerage schemes are based, are 
freely given here to enable young engineers to handle their jobs successfully. 

Volume No. 2 of this book, comprising Hydraulic Machines. Pumps, Turbines. Storage 
Keservoirs and Dams, will soon be given in the Press. ^ 

Tbe names ot emment engineers, Indian and foreign, are mentioned along with their aehieve- 

ments here. If any reader mshes to amplify any particular subject, be is welcome to do so and will 
be remunerated when printing the 2nd Edition. * * 

My ^knowledgment, are due to all the learned Professors and eminent engineers from whose 
reader notrees any shortcoming in this book, he is earnestly requested to commuuicate to the wlS 


C/o Messrs. Grindlays Bank Ltd 

Fort, Bombay. 
1-6-1949. 
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UNITS AND SYMBOLS EMPLOYED. 

Units T^oughout this work 1 poimd, 1 foot and 1 second are taken as the units of weight, length, and time 
respectively, except where otherwise expressly stated. ° ® 

SymboU : The following is a list of the principal symbols employed. 

A = Area of a cross section in square feet. 

= Coefficient of discharge. 

= Depth of water in feet. 

= Diameter of pipe in feet. 

^ :^\\tLTeo°ond of feSnf32-17 feet per second 

= Maximum head of water in feet. 

= Head of water in feet. 

= Head in feet required to produce velocity of approach. 

= Length of a notch, weir, pipe, etc. in feet. 

= Coefficient of fluid friction. 

= Pressure at a point in lbs. per square foot. 

= Pressure at a depth of h feet in lbs. per square foot. 

= Atmospheric pressure in lbs. per square foot. 

= 34 feet high column of water, in a vacuum tube. 

= 34 X 62-5 lbs. per sq. foot or 14-696 lbs. per sq. inch. 

= 29*92 inches of mercury, in a vacuum tube. 

barometrTellYEutf p”. Gauge pressure plus the reading of the water- 

subtracted froTatmfsphwfpre^urr^vL^Sutef^^^^^ pressure. The vacuum gauge pressure 

^ = Volume of discharge in cubic feet. 

r = Hydraulic mean depth in feet. 

= Area of water surface in square feet. 

= Sine of slope. 

= Time in seconds. 

= Velocity in feet per second. 

= Weight in lbs. of a cubic foot of water. 

= 62*4 lbs. (clear) : 62*5 lbs. (with sediment). 

= Afflux in feet. 

= Height of water surface in feet above a datum line. 

= Angular velocity in radians. 

One radian = 57*296°. 

proportion of 2 volumes of hydrogen to \ oT^xy^l^^r^part of^W^ogen°bv°^^^ in chemical combination in the 
oxygen (sp. gr. 1 • 102) is 16 times heavier than hydrogen^(sp. gr. 0- 0689) ^^*8*'* ® oxygen. Bulk for bulk, 

520 feet o7eTevatio'’ra°w‘sLlevel fofh^rghto'^^rithin^/^L^^''' 1° less for every 

Water attai^ its maximum density at 39-2= Bah. It is then about 815 times heavier than atmospheric air 
It expands — on becoming ice and evaporates at aU temperatures. 

The compressibility of water under pressure is verv sliol,. •* 

iirur-i-rnir"“" ^ 
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elastic modulus when under compression and will store up energy in the same manner as a 
solid. The value of the bulk elastic modulus of water under compression is 300,000 lbs. per square inch. 

will withstand a slight amount of tension owing to the molecular attraction between the parties, which 

will cause an apparent shear resistance between adjacent two layers ; this phenomenon is known as viscosity. 

liquid between the density of any liquid and the density of water is known as the specific gravity of that 

No liquid can exist as a liquid at zero pressure ; in fact all known liquids vaporize at various pressures above 

zero, depending on the temperature. ^ 

Water vaporizes at pressure of 0-34 lb. per sq. in. at 20° C., below this pressure it can not exist as a liquid. 
Care must be taken to prevent the pressure of water getting below 8 feet of water absolute, at which pressure the 
dissolved gases are given of! and vaporization is also liable to commence. 


One kilogram = 

One litre = 


WEIGHTS AND MEASURES. 

Water 1 C. Ft. = 62-41 lbs. (clear) == 62-5 lbs. (with sediment). 

= 64 lbs. (sea water) = 6i gallons. 

An Imperial gallon of water = • 16 cubic foot. 

= 10 lbs. = 8 pints = 70,000 grains. 

One United States gallon = 5/6 of an Imperial gallon. 

One metre = 3-2809 feet. = 39-37 inches. 

= 100 centimetres. 

One cubic metre = 35-317 cubic feet. 

= 1000 Kilograms. 

2-2055 pounds, avoirdupois = 1000 gms. 

61-027 cubic inches. 

-2201 Imperial gallon. 

1000 c.c. 

♦ 

453 • 6 grammes. 

16 oz. = 7000 grains. 

2/51 centimetres. 

•02707 metre. 

= * 0888 English foot. 

Bulk elastic modulus of water = 300,000 lbs. per square inch. 

One knot = 6080 feet per hour = one nautical mile per hour. 

Common Logarithms X 2 * 303 = Hyperbolic or Naperian Logarithm 
Volts X amperes = Watts 

One Horse-Power = 33,000 Ft.-Pounds per minute. 

= 746 watts. 


1 lb. 


1 inch 

One French inch 


(to Base e) 
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CHAPTER 1. 


PRELIMINARY 

1, Intboduction 

(a) The term fluid is applied to 

(0 Liquids like water, milk, alcohol which have defliute volume and are incompressible but 
they take the form of the vessel in which they are poured. 

(i») Gases like air which have no form and are compressible to an indefinite extent. 

{b) A fluid is said to be viscuous like honey, when it offers some resistance, though small, to change 
of form. In this book fluid means ordinary water only. 

(c) Hydromechanics is that science which deals with, 

(») Laws regulating the equilibrium of water at rest. 

(u*) With the mathematical theory of water in motion. 

No. (») is called the science of Hydrostatics and No. {%{) is called the science of Hydrodynamics. 

Some of the principles of No. {») and No. (it) along with results of practical observations, are 

youped together, so far applicable to engineering practice, into a science called ‘ HydrauUcs’ which 

deals with the study of water pressure, buoyancy, the flow of water and hydraulic machinery such 
as pumps, turbines, and accumulators. ’ 

(d) History and Remarks :— 

The oripn of the hydrate arts is lost in antiquity, but probably the oldest branch of the 
applied arts is to be found in the irrigation schemes carried out in Mesopotamia, Egypt and China 

rnd constructed about 4,000 years ago to hold 

and store the flood waters of the Nile, was much larger than any modern reservoir. 

__ of great aqueducts can be traced and the people of these 

countries knew all about the sue and right grade of the acqueducts. 

In fifteenth century, the great Italian Leonardo da Vinci wrote a book entitled “ on the motion 
and measurement of water , dealing with flow of water over weirs and through orifices. 

In seventeenth century Galileo* deduced the fundamental LawV — TTi. t • n- 

About r s.'.trS'rjJz r=" 

Bemoullit Theorem, on which many hy^dic p^idpiS ^rbieT“ 

fJ««x,pe and made many agronomical i, poblirfied a tLtS. ^ySa^in 

t D^xixl Bkrsoitlli :—(1700-1782). V&tivA nf u..;! - * . 

wher. his distinguished Camily members were* mathem. ^^, 

for tome years at St. Petetsborg. Ho pobliahed his P™®"*®*' of Matl 

TheorMD*. ^ ydrodynamics (1738). He establish«rl bi*a «* ti.. 
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men... . » >4 .hn. i. .. S: ™t " 

Steams. Coulomb, Venturi, Couplet, Darcy, Lampe, Hazen, Poiseuille, Reynolds, Smith, 

Thomson, Francis. Uifwin.^te'l^,’ S^SrkS^anlSth®”’ 

Department,°PM^l”*i^^^l' 9 ^)^°^’® earthen channels, Mr. R. G. Kennedy, Chief Engineer, P. W. D., Irrigation 

For largo canals, like Ganges canal. Col. Cunningham. 

Kanwa^^i/'i’Sr^ ^ “ Northem-India. eminent Indian Engineers, Khoala and 

For canals in Sind, Mr. Tn g lia 

For open channels carrying more or less clear water, Darcy and Bazin. 

On Mississipi River, Humphreys and Abbott. 

For senes of Coefficients for mean velocity, Swiss Engineers, GanguiUet and Kutter. 

For Tables of coefficients, Jackson. 

On rod floats, Francis. 

On omrent meters. Steams. 


CHAPTER 11. 

HYDROSTATICS 
2. Laws, Pressures, Etc. 

(a) Hydrostatic Laws. 

W Water, an almost incompressible liquid, weighs nearly one thousand oz. or 62^ lbs. per 
cuDic toot. A pUon of water weighs 10 pounds. Water becomes solid in the state of ice at 32® F, 

form of steam at 212° F. Water has, when under compression, bulk elastic modulus 
o00,000 lbs. per sq. inch. 

(ti) Pressure of water on any plane surface in any position, 

, . ^ weight of a column of water whose base is the area of surface and whose 

height IS the depth of the centre of gravity of that surface below the free surface level of the water. 

[Hi) The direction of the pressure on a surface is always perpendicular to that surface, what¬ 
ever be Its position. 

resultant pressure of water on a body immersed or partly immersed in it, is equal 
to the weight of volume of water displaced and acts vertically upwards through the centre of gravity 
ot this volume. This centre of gravity is called the “ centre of buoyancy 

body floats, it follows that the weight of water displaced is equal to the weight of the 
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(v) Pressure at a point : —The pressure at a point is the pressure per unit of area. If the 
unit is one square foot and the depth of a point below the free surface of water is h feet, the pressure 

Ph = (1 sq. footxh feet) C. Ft. x62i lbs., or if we denote the weight of a cubic foot of water namely 
62.5 lbs. by W. 

P = Wh. .. (I). The pressures at any two or more points 

at the same level in a liquid are evidently equal. 

(■yi) The difference between pressures at two points in a mass of liquid at rest, depends only 
upon the vertical distance between the horizontal planes through those points. 

{vii) If the pressure at any point in a mass of liquid be increased, then the pressures at all 
other points are increased by the same amount. 

{viii) In a mass of liquid at rest, surfaces of constant pressure are horizontal planes. 

(^) Average pressure over a plane surface immersed in a mass of liquid at rest is equal to 
the pressure at the centre of gravity of the surface. 

The centre of pressure on such a surface, if the surface is horizontal, coincides with its centre 
of gravity. If the surface is vertical or sloping, the centre of pressure is always below the centre of 
gravity of the surface and is found by considering that the pressure is an uniformally varying stress, 
whose intensity at a given point varies as the distance of that point from the line where the given 
plane surface (produced if necessary) intersects the upper surface of the liquid (See page 165 Rankine). 
(6) Pressure on surfaces :— 

IPectangular plane surface^ submerged and inclined .*— 

AB = a plane plate, 1 foot wide inclined at an angle 0 with the Horizontal. 


Fig. I 



FS = free surface of water. 

A = area of plane surface AB in square feet. 

G = Centre of gravity of the plane at a depth Y feet below the free surface. 

C = Centre of total pressure P in pounds, 

On AB at a depth Z feet. 

The pressure P will act at right-angles to line AB or normal to surface AB 

I = The moment of Inertia in foot pounds of the plane AB about a horizontal 
centre of gravity G = AK*. 


axis through it a 
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K 


Radius of Gyration about Horizontal axis through centre of gravity 


Here 
Then P 


12 

WYA 


h^ 


Y + 

Y + 


I sin 0^ 

“ay 

K* sin 


Rectangular plane surface submerged and inclined 



Graphic Diagram. 


Fig. 2 



AB = a piece of plate submerged, length AB, width 1 foot, inclined at angle 0 with the 
nonzontal line Fs which is free surface of water at rest: 

The known lengths AD, AB, BC and the angle 0 to be plotted on a suitable scale. 

Pressure on plate AB = weight of mass of water ABCD = area of ABCD in sq. feet X 1 X 
62.5 Lbs.; the depths AD and BC are known : Length AB is known 

DC = AB cos 9 : 


/AD+BC\ 

Thus total resultant pressure P = ^ 2 y X AB cos 0 x 1 X 62.5 lbs. A vertical line 

through G, the centre of Gravity of mass of water ABCD, cuts AB at point Pi: at this point the 
pressure acts along line PP^, normal to surface AB : P^ is the middle point of ' the width of plate 
AB^at pi ’ and not of the length AB : 

II:—Circular surface submerged and inclined :— 
d = Diameter of circle 
c = Centre of circle = Centre of gravity 

Y = Depth in feet of the centre below the horizontal and free surface of water. 

0 = The angle of inclination with the Horizontal surface say 30° 

Total Pressure P = 62.5 X ^ X Y lbs. 
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K = Radius of Gyration 
1 


K2 


16 


in case of a circle 


Y + 


Y + 


Y + 


K^sin 02 


d 2 sin 02 


16Y 

d2 


III: 


64Y 

-Any vertical surface: 
In this case 0 = 90"* 
And P = WAY 


, if 0=30 


Y + 


K* 


IV: 


Case of a vertical wall: Length one foot :— 

Holding h feet of water ; Top of wall at F. S. level. 

Y or depth of centre of gravity of wall = — 

2 


K 2 for a rectangle of height h is 


ThusP = WYA = ^h 


Wh2 


12 

, per foot run of wall 


Z — Depth below F. S. Level of centre of pressure = Y+ 


K* 


Wall A B with a vertical face : 
Graphic method 


h 

2 


+ ( — 
^\12 

Fig. 3 


h* 2 

X 


Vertical wall length 1 foot, holding up h feet of 
water. 

Pressure at B = Wh acting horizontally. 

Plot to some scale, a triangle, AB = BC = h 

P = the total resultant pressure 



Floor 


area of triangle ABC x 1 foot x W = foot run of wall. 
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Practical Hydraulics And Its Applications 


^ The pressure acts horizontally, through the centre of gravity of the triangle A B C at a point 
y h below A, the free surface of water. 



Wall AB with 


sloping face :— 


Pressure at B = wh lbs. 

Plot the triangle A B C to some scale, with 
BC = h feet and normal to AB, 

Total resultant pressure per foot length of 
wall = area of triangle ABC X 1 X 62-5 lbs. 

= i (ABxBC) X 1 X 62-5 



This total pressure acts normal to the surface AB, 

2 

triangle ABC at a point — h below the free surface level 


through the centre of gravity of the 
of water. 


•—Vertical wall submerged, width 1 foot. 

Pressure at point A = wa 

Pressure at B = (h + a) w. 

Show these pressures by DA (= a feet) and 
BC (= h -|- a) and complete the diagram ABCD. 


Fig. 5 



P = Total resultant pressure on AB, per foot length of the wall AB = area of Fig. ABCD 
X 1 X 62.5 lbs., acting horizontally through the centre of gravity G of Fig. ABCD. 

P = Whfa4-4^Xl X 62-5 


Centre of pressure on the line A B, from the free surface of water 


6 


2 3a*-f3ah+h* 

3 2a+h 























Hydrostatics 



'' Triangle immersed vertically in water with apex at surface. 


T 3 BCxh 2 , 

P=— X-j hw 


wbh* where BC = b 


Pressure along the line AD is represented 
by the area of the triangle ADE, DE being = h 


A 


Fig. 6 



A 



Pressure along line BC = area of rectangle BG x h. 

Pressure on the triangle ABC = weight of mass of water contained in a pyramid with base 

(BC X h) and apex at A and 4 triangular sides = (BC X h x h) W = — Wbh*. 

3 3 

Centre of pressure = ^ BC, on line AD. 


yill: — Tria^igle, base at surface. 

Graphic method* 

'■-“xi'W-sWbi.. 

P = Weight of mass of water contained 
triangular base ^ and height h. 




^ w = Wbh2 


Fig. 7 
V 



Depth of centre of pressure from surface of water *— 

2 

•*— Circle, top-edge submerged. 

Centre of gravity is the centre of the circle. 
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Practical Hydraulics And Its Applications 


P = (a+r). 


Graphic method. 

Pressure on circle = 
weight of column of water 

^Fmstrum of a cylinder with 

base Tcr* and height 

= WTcr® (a+r). 



fro 


iJepth of centre of gravity of this frustrum lies on the 
water-surface. 

Z = Depth of total resultant pressure from water surface 


a -f-r 


a+r-t- 


4 (a+r) 


X: 


XI 


■Circle top edge at surface level. 

Here a = 0 P = Wtu r^: Z = 1.25r. 

Semi-circle, Diameter suhmernpA 


nr 


(a+.42r) 


Graphic method. 

P = Pressure on 
semi-circle = weight 
of a column of water 
(= Frustrum of semi- 
cylinder with base 

a-j-h 


n r 


and height 




Depth of centre of gravity from water surface 
a .42 r 

= Depth of centre of pressme from water surface 
^3_TC_(£a2 + r2) + 32 ar 
4 (3 Tca + 4r) 
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Hydrostatics 


XII: — Semi-circlet Diameter at surface level. 


Now a = 0 


P 

Z 


3 

16 


Wr^ 

IZT 


XIII:—Trajpeziumy top edge at surface of water. 

= — wh^ (B+2b). Distance of centre of gravity from 


surface of water 


h 

3 


from surface of water 


. Depth of centre of pressure 


h B+3b 
2 B+2b 


Fig. 10 



XIV :—Channel of setni-drcular cross section 
Radius say 3 feet; 

Length of channel say 1 ft. 


A 


Fig. II 
B 





'V-1 


^ / 


/ 




^ R 


closed at two ends by 2 discs ADC, semi-circular in 
shape, pressures on which being equal and opposite, are neglected here : 
Cross section ABCD 


at cento “‘“8 «tae tie line BD, 

Consider the pressme on curved part DC only : 

The liquid mass BDC is in equibbrium, due to the following sets of forces 

othec: Sr„? £»;:.on° ^S.'SXtV' o”r 

point G"”tSteJo: wMcr^etTae .“e ‘'““Sk the centre gravity. 

Of wate^r'^BDC. = ^"“^ion from the same surface on the mass 

Thus the mass of water BDC is kept in equilibrium by three sets of forces. 

(depth of centre of gravity oT^BD^dow^the *^wat^ surface BD x 1 (length of channel) x 1 • 5 feet 
and this act. threngh fte ceLe of^ritl, “Lr?“ £^.5, Jrf.thTt b"p 
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Practical Hydraulics And Its Applications 


2 

3 


X3x 


Set (6 ) = the weight of mass of liquid BDP - i o o 

This acts through pt. G the centra f X62-5 lbs. = 441-6 lbs 

2 ^ g P the centre of gravity of mass BDC such that BD = 


n 


1.8 feet. 


pass and this resultant irSe pressJ^e^onT^^cu'^* ^^ich their resultant must 

the line BOP', the point P' being the centre of prTsurrolThe s^Se^DFC' 

This resultant pressure = R 


(281-25)* + (441-6)* 


535-7 lbs. 


T.tr~e= t1': »«• 

mass of wator, centre of pressure'teing thTwnte oTbSo‘trough the centre of gravity of the 

the cone (feet)x62, hits. Tf^fs'exMtlv^e'sam" of the cone (square feet) xheight of 

which ^Ids water 3 times the amount, contained intf confSe slme'Sh 

•acting normaU^the 3d^ haw thew wrtiS ^ slanting sides and the water pressures 

base. components deflected vertically towards the horizontal 

in totaUiS^foice l^quiTto^mdecVd^^”® hemispherical dome of 2 ft. radius, results 

120 lbs. = 1509Tbs ^ projected area normal to the given direction (,cr*) x intensity of pressure 


3. Elementary Hydrostatic Machines. 
i- Hydraulic Press. 

Rule vii in article 2 is made use of 

m the construction of a machine called 

Hydraulic Press, an instrument, the 

worlang of which illustrates the principle 

of the equal transmissibility of fluid 
pressure. 

A = area of plunger P say one Q" 

B == area of Ram R say 10 Q]" 

^ = weight placed on plunger P say one 

lb. 


Fig, 12 


w 


V/at ER -TVg WT 

Plunger 



Tube 



Ram 


To keep the two, P & R in horizontal position weight W' is placed on R. 

Pressure exerted on R from below = lOxw 
W' = l0WorW: W': : I : 10 

: : A : B 

onA x> relation between the weights, when the instrument rests in equilibrium with P 

ana K in the same horizontal place. 
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Hydrostatics 


IS 


ThuB with a force of 1 lb. (w), a weight of 10 lbs. (w') can be lifted. The mechanical advantage 

— = 10 = ^ 

W Area of P 

The Hydraulic lifting Jack is also constructed on this principle 

the atmospheric pressme and is 30 mch^ a mercury in the tube indicates 

diminishes. This fSshes a me!m .f decre^es and the height of the mercury column also 
of tops of Mountains and Hills. ^ ^ height ascended, and finding out the levels 

A Rough Formula is 

m inciM at “fTwi^Ind .i^ii^ftatiom 'ripiSr ^ ”*'*‘°*“ 

Sine „e,cnx; i. ^6 .toes a, heavy as wa»,, the height of the wato column tvhieh can 

be supported by atmospheric pressure is 13-6 X 30 X i or 34 feet. 

12 

.VO, pressure of water is measured by some tvne of 

registers the pressure above atmosphere This is 
called gauge pressure. Gauge pressure + rcAXl I 

pJS’smfjf w!te“* generaUy) means absolute presLe. H^he 
Crvacuum lll T atmospheric pressure, it is measured 

the absolute pressure is 34 - 24 = feft of watS ’ 

aurlace in the vessel falls to C or A whiohCTer'S'u^“'‘' 

toy tw^poSi “i s Krr;^ 

KtSLr :2r^iris uL“ 

the tube is tos tton\ ETa h ^ ■>< 

portion the air would r^^hln tli a ^ t ® 
and the syphon could not act.’ 




Fig. I2A 
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Practical Hydraulics And Its Applicati 


'ions 


Fig. 13 

it 

'/? Air Pipe 



In the sketch are two 
tubes, joined at top by two 
bends with air-tight joints. 
Ihis forms a syphon. 

The inner leg is placed 
in an empty tank, lower end 
being about 3 inches .above the 
floor. The outer leg is placed in 
a tank with a sump full of water \ 
at bottom, the outer leg dips 
into the smnp by about 4 to 6 
inches. This forms a “seal*’ at C. 

There is an air pipe 4 inch 
diameter, fixed on to the “inner 
leg as shown in the sketch, its 
lower end being \ inch above the 
lower end of the inner leg. 


pine S'e o:^ned, water rises in the tank and also in the inner leg and in the air 

thrwater compessed and escapes through the seal at C : when 

seal C and rrpof t r j water trickles down the outer tube and passes out of the 

seal u ana creates Tomceh’s* vacuum in it. 

fiihA pressure on the surface of water in the tank A forces the water up the inner 

tube^ ^ vacuum in the outer tube ; thus a continuous column of water is formed in the 

^ ^ levcl, thc water rushes out at C, and the water in the tank 

nf ^ 1 and flow at C. The tank is emptied. If the tap is open, the operation 

g he tank A and emptying it by the tube goes on continuously. 

water comes out at C, is a measure of the quantity of water, and 
depends upon the difierence of level between points B & C. 

^\^en the water from the tank A is syphoned out and the tank is empty, the atmospheric air 
^ e§ into the syphon at the point B to fill up the vacuum created inside the syphon when the water 

nows out. 

Often a little vacuum is left inside the syphon. When the water rises in the tank and in the 
inner leg AB, the partial vacuum in the syphon, before the water level reaches the line AB, helps 
the syphon to work partially. The water trickles out at the point C and goes to waste. The water 

level in the tank A never reaches the line AB and the tank is not syphoned out at once, we then 
say the syphon leaks. 

To prevent this, an air pipe say ^ inch diameter is fixed on the top of the syphon as shown in 
the sketch ; the lower end of this pipe should not dip into the water left at the bottom of the tank 
but should be open and free to atmosphere and slightly above the water surface in the bottom of the 
tank. When the syphon gets empty, the air rushes into the inner leg through this air pipe and 
destroys partial vacuum. 

The water-supply tap should be fitted with a reverse ball-valve to enable more water to come- 
out of the tap, when the syphon starts to work, to accelerate the creation of the Torriceli’s vacuiuit 
in the outerleg. 


* Tobbiobi,! j— Evangelist (1668-47), Galileo’s pupil. He invented the barometer 
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Sfecijic Gravity And Buoyancy 


their special merits for 

eq. ft. ■^S’the WaVforitnSStlrdom^ ^ P'-^^sure of 120 lbs. per 

= 120 Jsemi-dome = 9^ sq. feet. The total vertieal lifting force = 120 X 9TC 


( 2 ) 

(<) 

(») 

{in) 

(i) 


(ii) 


^ ® “■ ‘bameter and a plunger of 1 inch diameter. 

What force will be required on the plunger to raise a weight of one ton on the ram ? 

If f *° bft the weight 3 ft. ? 

the ^r/er. " 1 ^° looses Lit frictn are n^S^^dtht 

-f orce on plunger _ Area of the plunger 1 

weight on the ram (2240 lbs.) “ area of the ram. ' = 36 

•■' ^ ~ ^ X 2240 = 62-22 lbs. ' 

As the work done by plunger in n strokes equals work done by the ram 

^ ^ 12 ^ “ 2240 X 3 foot pounds 

n = 130 number of strokes. 

10 

Horse Power required X 12 x 62 • 22 

(minutes) 12 X 33000 

= •017 

ing thepinp 16 Wl^'^atTtheVeCiV^tio o7thetum^^^ ^ inch diameter, the leverage for work- 

A pressure of 44,000 lbs. on the press table. What is the^eflSc^ency ? a force of 30 lbs. exerts 

Answer : 1,600 ; 91-7 per cent. 


(«•) 


CHAPTER III. 


Specific gravity & buoyancy. 


^Is^e tbe weight of any 

as 13 • 6, that of water being 1-00. specific gravity of mercury 

le found”™"® ““ o' • “o ''“g'-f of u.y gi™ volume of it o.„ ut ouc, 

1° SX pi"u?e o'f^waS S“belowVte7' f'”’!. 

SO ved are given off and the vaporisation of u.atep'be*|i™. ® ‘““t*. ‘be gases 

its weight by the weight of the^voltu^'^^^wate”^”^ immersed in water loses in efleet 

““ L‘ ■'rs'o •■tteXwIrltroe f”'’’’' ’‘‘‘o fXfou 

body and is know^n as force o'f buoyLcy wV dijw^rtl: 
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PTQctical Hydfaulics And Its Applications 


For stability of ships, see Sir William WThite’s naval Architecture; 

of equilibrium of a floating body H the floating body is given a slight 

bS^'SsSrrsSbfe'!'’’ “ 4‘“> 

tion BnUfthe® Kv t di^pkcement it heels farther over, it is said to be in unstable condi- 

t w' j ^ displacement into a new position and it remains at rest in 

that new position, the body is then said to be in neutral equilibrium. 

Fig. I3A 




NTRE. Line WhenTilte-d 


-- Water Surface 


q^Cehtre Of Gravity 

B= Centre Of Buoyancy 


I 

I Centre Line Of Ship 

I 


For stable condition 6 & B must lie on the same vertical line. Suppose the ship tilts over a 
little on one side, the centre line also tilting through the angle 0. The centre of gravity moves towards 
the point G^, the centre of buoyancy moves in opposite direction towards the point B^. 

Thus there are two forces, acting on the ship, one its weight W acting vertically through 6^, 
trying to bring the ship to its normal position ; the other force of buoyancy acting vertically upwards 
through B' and equal in magnitude to W, trying to bring the ship to its original position. The two 
forces form a couple called righting couple, the moment being WX. X being the distance between 

G^&Bi. 6.5 


A vertical line through B\ cuts the centre of the ship when in tilted position at point M, 
called Meta-centre, so defined by Bonder in 1746. The distance MG is known as Meta Centric 
height, Q being assumed very small (Traite du Navire by Bougief). 

Thus the ship behaves like a Pendulum, suspended from point M, the point G acting as a bob 
of the Pendulum. The ship thus rotates round the point M, called by some as the instantaneous 
centre of rotation ; M can be nearly a fixed point, if the angle of tilting is very small. 

Ships are so designed that the point M is generally at the water line. 


* Arcliiinodcs 287*212 B.C. A Greek Geometrician and Philosopher of remarkable power. 
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General Principles 


0. ae sh“ “ » “““■>« -‘I* 

4 ft. wM IE: '» “«>™ «■ a» «»»» from 1 ft to 

•h. - to d«,torf « 1. k..p th. of g„vi.. Mo, 

.ftp d„™p to,. “£p'*4f^ST£.“X'S!r;rd«^ «''>« 

Ptotopgon froD, 0.0 p,".‘f Ih^MdSI.T m “1*0 ""d 

Examples: ® 

water (this weighing 60 tons 

(tan . =. 0396). Detennine the zneta eentrie ht^t 


CHAPTER IV 
GENERAL PRINCIPLES 
7. Definitions 

is generally bounded iatwaUy^by solid ^MaLirwH^b^orm^-PT^* movement of translation. It 
or open channel like a canal riveT channel, closed channel like a pipe. 

The ‘ .xis • of a etreaa i. a lip. .eatrally situated and pataUel to the direotioa of flow. 

A stream bounded b™wltS.Sfed a'eSir ’* “' *'* ’’ *“'*‘°* * ‘ ’• 

ixregulfand^Si-f a-^rKwSnd\lw“ 1"**"’ 

The capacity of eddies for damage depends on their size and smaller size but smfter motion. 

to works. It will be sufficient to consider only large eddies of erelt^^*t in relation 

classes. {{) confined and (it) free A confined Prwf i intensity and to recognise twa 

will be free to move away from immediate contact witb^a^wn’h'^**^!’ ^ ^^e.^ddy is one, which 

in clear weather and 000 ^ ^ and other works protruding in the river stream, bTb 

main strLm of atge riv^! m^nglyrVSttinfrLht^ velocity such as caused by the 
may be above water, submerged oi pSly^bLeLed ^These^^hM™®1*v® of a spur, which 

«. pkJof p^.K zVS 'S p‘if ?C ft“^s 

limited. ■■ “ “ “ “PPM ‘» “"Ving eddies, the digging effect of“whicb is uaturally 

(c) Smooth flow: —Smooth flow is watpr in m f 
svTOls and It is only to be found alongside a stone whirlpools, eddies, or even 

subsided or in the open river. ^ tank of which the apron is eveffiy 
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Practical Hydraulics Aful Its Applications 



11 *^ .'-^Turbulent flow may bo deacribfd u an on flowinir comm ni 

whirlpools and eddies, caused by the sudden deflection of the stream from ita natural eogy^ Am 
to obstruction of a fixed structure such as a protection bank ; very deep scour may beexMrt«d 
alongside such a bank specially when the stream of greater curvature is compelled to take ths cnnh- 
ture of the protection bank. The extent of scour in such a case appears to depend on the dirvetM 

of the stream impinging on the bank with reference to the alignment of the protection bank and 
on the discharge of the river. 

(^) Scour :—Scour is of three kinds. Normal caused by straight and uoobetrucud 
abnormal caused by deflected but nevertheless on-flowing currents and by the river nnuung 
tially to a curve and forming an eddy where river leaves the curve of the protection band , extras 
.ordinary, caused by whirljiools, set up in non-forward moving water. 

See page 60 of the Journal of the Institution of Engineers (India) Vol. 26, No 4, JaM INI 

8. Pressurr Hrad of a Liquid 

In all questions of Hydraulics, it is convenient to express the intensity of the pressure 
in feet of water; that is in terms of the inteasity of pressure of the column of water oor foot ki^ 
upon its base, as an unit. A pressure so expressed is called a head of pressure. 

One foot of column of water upon a base of one sq. foot = one cubic foot — 62 4 Ih^ 12 4 lla. 

62-4 


.on one sq, foot, or - 


144 


0*433 lbs. per sq. inch. 


tl 



In stating the pressure or head of a particle of water, it is usual not to include the aUM^hem 
pressure which acts equally in all directions on the particle and neutralises itself 

The pressure of the atmosphere at the earth’s surface is due to the weight of the cohnu < 
above. The pressure of the atmosphere is measured by the height of the column of iKfiiid ii 
support. This will vary slightly according to the amount of moisture in the airnosphere, the i 
value may be taken as 14*7 lbs. per square inch, which is equivalent to astatic head of 54 ft of 

The pressure of water is measured by some type of gauge. A gauge regtster* the 
.above atmosphere, and the pressure thus measured is termed gauga pressure. To coaeert 
pressure to absolute pressure, the reading of the barometer must be added. 

If the pressure of the water is below atmospheric pressure, it is measured by meeae of a e 
gauge, which gives the amount the pressure is below atmosphere ; must be sabtractsd trsm 
atmospheric pressure in order to obtain absolute pressure. Thus if the reading of the rmtmn 
is 24 feet of water, the absolute pressure will be 34 — 24 10 feet. 

The atmospheric pressure, at the level of the sea variee from 32 feet to 55 feet ef water 
diminishes at the rate nearly of j^fh part of itself for each 262 feet of elevaiioa above that fcrw4 





9 . VoLUMR AND VxLOcmr or Plow. 

A stream of water flowing in a channel may be conceived to be made ap of a 
fluid threads, flowing more or less parallel to one another. Theee threads do not ail 
velocities, partly owing to the direct frictional resistance of the boondariea, b«l 
roughness of the boundaries sets up eddies whereby the fluid filaments ciws 
have their velocities modified. The actual motion of a stream is very 
theory that takes account of the actual motion of every thread. 

Velocity, or the rate at which a particle of water moves along in a stream, 
feet per second, at a gi\Tn point varies from moment to moment in 
has been observed that average \-elocit j for a period of. say, a few nuMtea^ 
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General Principles 




Q = A. V 


3. 


or .t«am line be sSppoidTo W ll t Ml ‘bread 

the motion of the stream is termed “ a steady motfon position in space and 

a. fct:;>',Wot"rtira“ r r“" 

vanes inversely as the area of the section. ’ velocity at any cross section 

't ””'7 ”8»I«r. tie section of tie 
Of the particles have taken place ’ “’'“Ses in the internal arrangement 

The vekcitf^toti 3 33 3 “ ““ “• 

planes of water slide against each other Ind when^a nlrHc^ the smallest. Thus the 

int:: e~ --- ~ 

the form of a parabola, the^vertSelnJaTa^dTp^h approaches 

10. Pkinciple of Continuity 

comtantly fUled £d the infl^w'^U^^eqJartS^S^outflow^'^^If^ a^^Ai ^^ generaUy remain 

space between A and Aj is A V cubic feet per second and onSn"® w’l to the water 

By the principle of continuity these are equal, w is A V cubic feet per second, 

A V = Ai VI 


• • 


V 

VI 


Ai 

A 


4. 


slope, the velocity 


By Dynamics, V, the velocity of 
moving water is -y/ 2 gh : 


• • 


h, called velocity head is — 

2g 


Fig. I3B 
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Pvactical Hydraulics And Its Applications 


11. Irregular character of motion 

phenoiSna.^ ^ ''' ^ foUo'^ng 

irreffula^^tTi? f at the sides than at the centre. The motion of water is 

gular, particles do not move in the stream lines, but cross each other. The stream is a 

vebcitt “reg^arities increase with the roughness of the channel and with the 

1 ^ X ^ specially in open channels. Notwithstanding the above facts, the average 

oSS co^velocities obtained in successive periods of time of longer duration are more 


difficult. 


The irregularity of the motion of water renders the theoretical investigation of flow extremely 


12. Contraction and Expansion 


A body can not, without 
coining to rest or describing a curve, 
change its direction of motion. 

Fig. 14 shows when water 
enters an aperture from a large 
vessel or a tank. 

E. F. is the contracted 
stream, eddies at sides. Dead 
pockets or still water at the corners. 


Fig. 14 



Fig. 14A is an abrupt 
enlargement. The stream expands 
generally, with eddies in the corners. 

Similar phenomena occur 
at abrupt bends, bifurcations and 
junctions. 


Fig. I4A 



13. Bernouilli’s Theorem 

The figure 15 shows a reservoir of still water, and a pipe with two pressure tubes and an outlet 
F at the end of the pipe and an outlet V at the side of the reservoir. Suppose the above two outlets 
Me closed. The water in the reservoir and the two tubes is at the same level, Line A B C D. The 
Head over any point is its depth below the plane A B, sometimes called the plane of charge. The 

pressure at this point is as the head. P = W H. or H = — , H beinff called the Pressure Head. 

w ° 
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General Principles 


Fig. 15 



■h 



particle at *ptiH'pTOs2'encOT in rttoe potential energy. The 

energy in mtie of ite elevation *>“ « surface level JoseeaM^ 

be largt1oThrt"the ™te°Srt r.e''nrvd“ir:nd^r. “iSte aT “■» """urf 

The heights KM & LN are the pressure heads at M and N. ^ K & L. 

The tubes are caUed pressure-columns and line BKL is Hydraulic gradient bne T f p u 

the pressure at M and hp the pressure head. Then hp = ^ Let V be the 1 v ' ^ 

P . l.et V be the velocity at the pipe 

at point M and let hy = — Thus h ;o < i -j. i 

2 g. Thus hv IS the velocity head >. It is the height through which a 

ITTOTTifTr 


to tb. motion of water eo that no enm^tCSttviSg S'”” 

rema Jaa S »' ““B-. «'« rf>W «uergy of rmy moving particle of water 

velccityTrS.'’j^’nVh LXTi: ® I«rf iu preaanre is the 

Srt - Be— SXbaat^f 

Since the velocities are equal, Hw = h • +V,mw r tr 

prea.ure.np.aai.gfromMtoEisae.ameasiVw.awhriS’nTa^wr *•“«* iu 
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Practical Hydraulics And Its Applications 


below at E IS KE, and the pressure at any point in the cross s( 

i« ^ ^“® *®t be the elevation of any point M above 

IS constant for all points in the system. Therefore 


OP, Then h + h 


hp + hv + h 


K 


5. 


Where 


Bernoulli’s theorem more fully stated. The total energy possessed by a particle of 
water is the sum of energies due to its pressure, velocity and elevation ^ 

as hp W ^ P^P®. consider an open channel XY, the results obtained will be the same 

L oil, • I “ *1^®“ ^oald not rise above surface XY. 

At each point in the surface, the pressure head is equal to the hydrostatic head. If the velocities 

IS the sZfaTbefmT assumed to be equal, the law of change of pressure with the depth 

Since the area NR is greater than MQ, the velocity is less and pressure greater. Thus from 

+V. ^ +* ^ Hydraulic gradient. Similarly in the open stream, there is a rise when 

toe sectional area is increasing. 

1 J ^ tody of flowing water can never be negative, as the continuity of the liquid 

would be broken. (Page 10 of Hydraulics by Bellasis, Eivingtons, London 1903). 

. Bernouilli’s equation simplified 

Fig. 16 




Pr e s S U R E Gaug^ 



Pitot Tube 



H 


Veuoc iTy f^js^c 



I 


EO C^F UNIFORM CHANNEL 

Slo pc 

i 


With UNipoRM 


HORizoNTAU Datum L i'me 

The above sketch shows a uniform channel with a uniform slope and uniform discharge. There is a Pitot’s tube 
■with an impact orifice at lower end. The water rises in this tube above the free surface of the water in channel 

V* 

by height hv, which is = — : hv can be read on the tube or can be calculated from V, which can be ascertained by 
A current meter, hp is pressure gauge, its lower end can be ascertained by a level. 

The whole energy of a unit mass of water at a point z above the Datum plane is constant. 

hp-f Z H-hv = constant: This is Bemouilli’s equation. 

Doss of head due to friction is for the present neglected. 

20 










































General Principles 


thft flo J of “'e i^uence of gravity. There is a fall in the bed. This fall causes 

of c^nnel ^ overcomes the resistance on account of contact of water with bed and sides 

The free surface of water is parallel to the bed and is the Hydraulic gradient line. 

The two tubes shown above are so near each other that the water surfaces in the same may be 
assumed to be at the same level, ^ 

14. Miscellaneous 

(a) Loss of head from Resistances, 

^ Certain amount of head h' is expended in overcoming resistances, due to the 
friction of water on its channel and to the internal movements of water, so that the total head 

^® direction of flow. In other words, the pressure head and 

velocity head do not together equal the hydrostatic head. The difference is the ‘ head lost ’ The 

actual water leve s in practice would be S, T and CS, DT would be the total losses of pressur; head 
ilf^f T J capable of doing 


h' 


- Vi» 

2 g 


7. 


or the head lost is equal to the fall in surface or line of gradient less the increase in velocity head 
page uT ** channel. The surface would be XZ instead of XY (Hydraulics by Bellasisi 

the velllilt®n??‘““ friction, there is an additional loss of head, bearing to 

r Sr:' f b.r t Lin fi 


Let the loss of head due to friction be called he. he = F h 


V2 


- - 2g ’ ^ ® 

du/»' '■'*0 >>? '*«»■> to the height 


The total fall in the bed of the channel, h = h, + h 


+ F 


V2 


(1 +F) 


V2 


= - 

(Rankins’ Civil Enigneering, page 675, Edition 1877). 

ph„ I*"-'-'’ upoa the 

...ea a„..e, the Jg ‘“Th'^t’ Hh;' 

* ™ wetted perimeter draulic mean radius, automatically comes in the equation of velocity. 

pl.v . “0 "tk «btt tact.. 

eai,., I^eVMe'^ »Ud t,'i“a5r,^“T\*hnS:i' ‘n* T 'T' “»«»“ 

flow is turbulent, i.e., ultra critiSl. ' «^ts even when the 

on the body. This fJt also entJ're^t’hrvelSrthwr^*'** momentum or shock of flowing water acts 
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Practical Hydraulics And Its Applications 


(b) Radiating and circular cwrren^5.—(Bellasis, page 294). 
vertical cylindrical sections are equal, therefore — = — 2 ^ 

Vj * 


Also since by Bernouilli’s theorem the hydrostatic head is H 


V,2 

2g 


W + 2g 


W + 2g 


w ^ 


Therefore ^ = H 


And 


W 

_2 

W 


H 


Yi^ 

2g 

Vi= R,= 

2g E 


Svt'reaSg. ihe valuTH.“'''”““ ““““ “<> *“'> 


though 


Fig. I6A 


Pressure c!urve 


a 




G 


H 




n 


U-TvyO Horizqmtal 

Circular & Large. 

OPEN TO ATtv^OSPHeRE. 



VertiOAl 
Tubes 


5 

±. 


Parallel Plates 



water Enters Undder 
Pressure Through This Pi'pe 


+V. water flows inwards and passes away by the pipe the law is the same. A curve through 

tne points G, H, K, etc., is known as Barlow’s curve. 

In a vessel which, with its contents, is revolving about a vertical axis with angular velocity 
a, tlie forces, acting on a particle A whose velocity is V, are its weight W or AC, acting vertically, 

and a horizontal centrifugal force W — or W — x or AB. 

gx g 

The water surface takes a form normal to the resultant AD of the above, that is, the angle DAC is 
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General Principles 


. -lor 
tan- X 

g 


Hence ^ = — x 
dx g 


Fig. 16 B 


Integrating, Y = x^, or the curve EA is a parabola 


V2 

2g 


or the eleva- 


with apex at E, since V = ax, therefore Y = 

tion of any point above E is the head due to its velocity of 
revolution. The theoretical velocity of efflux from an orifice 
at F or B is that due to a head AF or GB. 

A similar condition occurs in a mass of water driven 
round by radiating paddles. In either case the condition is 
termed a “forced vortex”. Questions connected with the 
pressure in a radiating current or in a forced vortex enter, 

though not to a very important degree, into the theories of 
certain hydraulic machines. 

^ pump, the pressures in the pump wheel follow the law of radiating currents 

while those m the whirlmg chamber outside the wheel, depend on the law of the forced vertex ’ 



(c) Centrifugal Head impressed on revolving liquid. 

A rotating fluid is called a vortex. If the 
fluid is rotating freely without any external forces 
being impressed upon it, it is called a free vortex. An 
example of a free Vortex is the whirlpool formed in 
the emptying of a wash basin having a central outlet. 

If the liquid is rotated by an external force, 
the vortex is termed a forced vortex. A forced vortex 
will have a centrifugal head impressed on the liquid 
caused by its rotation. ’ 


(Lewitt) 


Fig. 16 C 



h- 





Referring Fig. 16c, imagine an arm containing water to be Totfl+i-n<T Jr, » i 

about the centre 0 and with an angular velocity of m Let the srm £ f 

radius of R. and R. and let the cr^s sectional La o?ihe arm ^ a ^ 

Total centrifugal force impressed on whole of 


Wg o> 

2g 

2g 


R.^* — R 



(Id) 




V 


(7e) 


If v^ 


V 


2 


tangential velocity at radius of R^ 

do. do. 


do. 


^2 — (l) R' 


Intensity of pressure at end of arm due to centrifugal force 


Centrifugal head impressed 


2g( 

- 

. 


P 




W ' 

2g ■ 
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Practical Hydraulics And Its Applicati 


ons 


^ Thus the centrifugal head impressed 
velocity heads. 


on 


a revolving fluid is the difference between the tangential 


Tks is the principle of the centrifugal pump, which obtains its lifting power from this head. 
(d) Revolving cylinder of liquid. (Lewett) 


Let (0 = angular velocity of cylinder. 
X = radius of particle. 

Centrifugal force 

— W* X . 


on particle 


g 


(7h). 


I 

I 

Fig. 16 D 



The centrifugal force will act horizontally outwards, and the weight vertically downwards, 
ihe resultant of these two will be opposed by the pressure of the fluid. As the latter must act normal 
to the surface, it follows that a tangent to the surface at A will be at right angles to the resultant 

of the centrifugal force and the weight. It follows from fig. 16D that 


X 


W 


Wco^x triangles). Therefore, EF = —^ and is therefore a constant 


g 


As EF 18 the subnormal of the liquid surface, the shape of the surface is a paraboloid. 

= angle of inclination of surface at B 
height of paraboloid. Consider the similar triangles BDG and BOC: ^ ^ 


Consider the liquid at B. Let K 
to vertical, h 


radius at B. 0 
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Hydro-Dynamics 


or 


W 


E 


W 

g 


(i)^E 


^, as OC will be twice the height of paraboloid. Therefore h 


2 g 


V2 

2 g 


(7i) where V is the tangential velocity at the point B. 

It will be noticed that h is a direct function of the square of the speed of rotation. This 

principle is made use of in a type of speedometer used in Engine Testing. A cylindrical glass vessel 

contaimng a liqmd is rotated by the engine, the speed of which can be estimated by the height ‘ h ’ 
of the paraboloid formed in the vessel. 

EXAMPLE 

is reqimed to be measured. A glass cylinder containing oil is rotated on a vertical 

X a mavS®radtL®fT I paraboloid formed by the rotating liquid is 4 inches high 

a maximum radius of 2 mches, find the number of revolutions per minute made by the engine. (Lewett). 

See equation No. 7i. 

Here h — 4 inches =1/3 foot. 

R = Radius 2 inches =1/6 foot. 


ti) angular velocity of the cylinder in radians per second. 


h = 


(l)2R2 

Then i = — (J)2 


2g 


64*4 


(0 = 27*84 radians per second. 


Speed of cylinder = 


(0 

21Z 


27*84 

271 : 


= 4-40 revolutions per second. 


f • 4*40 X 60 

Speed of engme = --- = 88 revolutions per minute. 


CHAPTER V. 

HYDRO-DYNAMICS 

in ninel^’ ^ brauch of science which deals with laws regulating the flow of water 

law? ar^— ^ water-pumps, turbines and other hydraulic machines. The¬ 
nce nf ^b ? is rectUinear and uniform and if the effects of eddies produced by the roueh- 

w?re at “«gi«‘=ted, the pressure at any point is the same Z if the flSd 

(n) If the fluid particles take the same acceleration, which they would have if indenendent 

The volume discharged Q in cusecs = A x V 
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Practical Hydraulics And Its Applications 


Momentum of Q (Cusecs) = Q — = ^ 


for one second, will produce or destroy this momentum 


g 


foot-lbs. 


Thus the force F, which acting 


IS 


g 


7 a. 




This 


The kinetic energy = Mass x V*. 
Force = Mass x acceleration. 

The height through which a body 


igt^- 


CHAPTER VI. 

DISCHARGES THROUGH SMALL ORIFICES 

16. Preliminary 

wall so'oia^.K t ^ of or in a thin 

an, so that it is bounded on all sides by something solid, it is called an orifice. 

an onfice has its sides produced to the free surface of water, so that its top edge lies in 


1 / 


COEFFICIENT OF CONTRACTION 




€i 


Fig. i7 


U the onfice be in a thin plate, or if the edges of 
onfiw be bevelled off sharp, the cross section of the jet 
attains a minimum value on line C D, at a distance from 
the plate, equal to half the diameter of the orifice, or half 
of the least diameter if the orifice is of elongated form. 

The contr^ion takes place because the particles of 
water while moving towards the orifice, can not, due to the 
principle of Inertia, change their course suddenly. Hence 
the paths of the particles are curved as shown in figure 17. 

There should be a clear margin round the orifice to ensure 
contraction. 

The minimum section of the jet on line C D is called 
Vena Contracta The ratio of the sectional area of 
Vena Contracta ” to the area of the orifice is called 
coefficient of contraction, denoted by Cc, usually about 
0*63, as determined. 

The contraction depends upon the shape and size of 
the orifice and on ‘ h *. 

* h ’ is the head or distance from the centre of the - 

orifice to the free surface of water in the vessel or tank, 

which 18 big enough to maintain the level of the free surface constant, when the discharge from the 
the plftce. Part of h is consumed in overcoming friction between water and sides of 
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Discharges Through Small Orifices 



Fig. 18 


18. Velocity' of Discharge 
Fig. 18 A 



Fig. 19 


A 


\ 

G 


\ 

N 


\ 









N 




b = t»ml 


R 


oc = 


Range Of JtT 

Vt 


Cr C| 

UNE 


a-^AQi 

AGrFl rPARABOLA 


= 5 Ch,Vv02 


wh. 

This 


Figme 18 shows an orifice fitted with a vertical jet. Pressure at bottom of vessel P - 

® the orifice is as if it fell through a height h. 

IS cftUcd theoretical velocity and according to Dynamics 

^ .. 

water shoots up vertically from the jet, it goes to the height of h' from the bottom 
of the vessel, the height h^^ ( _ h — h») being lost due to friction and resistance*. 

_ Y2 

Since V = ■>/ 2gh, h = , the velocity head so called. 

p»,boK°hoJn’Tst 1°8 a'"*‘“ ‘"'“““"y ““ to the poond i, a 

Hod itVAtSbS 

6 Gi from any point represents the velocity of water through the orifice at G^ ordinate 

(N R)> (G Gi)2 „ 

= 2g = constant. 


AN 


AG^ 


19. Coefficient of Velocity 


Actual velocity ‘ Va ’ differs from the theoretical velocity ‘ Vo ’ by a small amount. The 

ratio of - is called coefficient of velocity, which is determined by experiment and is nearly constant 
for different heads. Its mean value is 0*97. 


was pupu'^f GaUUo!'an^l£n ^ PhUosopher and Inventor of Barometer in 17 th Century. Ho 
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Practical Hydraulics And Its Applications 


20. Coefficient of Discharge 

- 1 di^scharge through an orifice is equal to (the area A of the orifice) X (the theoretical 

^eloclty due to the he^ h). But in practice owing to reduction in velocity and to the contraction 
ot the ]et the actual discharge is less than the theoretical discharge. The actual discharge can be 
ascertained by measi^ing the quantity of water discharged through the orifice in a gauge basin in 
a gi\en time, care being taken to keep the head h of water in the vessel constant by adding more 
water ^oni time to time. The ratio of actual discharge to the theoretical discharge is called coefl&cient 
of discharge. It is equal to coefficient of contraction multiplied by coefficient of velocity, the product 

being termed C. This is generally 0-64 for an orifice in a thin plate. Q = C A >1"^, h being 
measured from centre of orifice to water surface. 

f ^ the head of water which will ensure a discharge of 8 C. ft, per second through an orifice 

ot t) inches square in a thin plate. 

Q = C A '>/2gh , where Q = 8, A = J, C = 0*62 ft. 


. • . 8 = 0-62 X i X 8 Vh . • . Vh = 6-45 ; h = 41-6. ft. 


^ Suppressed, contraction ;—Since contraction is caused by the convergence of fluid threads, 
any circumstance which tends to diminish that convergence, such as the application of an internal 
rim to border of the orifice, or near approach of the orifice to the bottom or sides of the vessel, will 

tend to increase the coefficient of discharge. The expression C = 0*62 ( l+O-ui) 



will meet the case, n being the length of the perimeter of orifice 
where contraction is suppressed, and m being the perimeter of 
the orifice. The coefficient is also modified by the application to 
the orifice of shoots and mouth pieces. In a bell-mouth the 
contraction must be complete whatever the clear margin (clear 
space round the orifice) may be. 

21. Bell-MOUTHS 

If the orifice be of the form of the Contracted vein, or in 
other words a simple bell-mouthed tube is made of the shape of 
the jet, issuing from an orifice in a thin wall, the whole of the 
contraction occurs within the orifice, and if the area of the 
orifice be measured at its smaller end, the coefficient of contrac¬ 
tion is unity. Hence coefficient of discharge C = 1 X coefficient 
of velocity = 0-97. The entrances to pipes from reservoirs are 
often bell-mouthed to avoid the contraction, and consequent loss 
of head which would otherwise occur : for Bell-mouths, discharge 

Q = 0-97A a/^. 


22. Mouth Pieces 

If a cylindrical tube of length not less than 1|- times the 
diameter of the orifice, be applied externally to the orifice, the 
jet after contraction again fills the tube, and coefficient of 
discharge attains the value 0*82 and the discharge increases. 
Pressure at Vena-Contracta decreases and the effective head 
causing the flow increases. 


Fig. 20 


I 

h 



I / 


I 1-30 

1 / 

1 / 
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Discharge Through Small Orifices 


The principal kinds of orifices or short tubes met 
coefficients are as follows :— 

; with in practice, with their average 

SKETCH. 

Description of 
Orifice or Tube. 

Average Coefficients 
for complete 
contraction. 


Fig. 21 


11 


I 




\V 




)\\ 






V// 


(i) Orifice in 
thin wall . 


(it) Bell-Mouth¬ 
ed Tube 


{in) Conver¬ 
gent Conical 
Tube 


{iv) Cylindrical 
Tube 


Cc 

•63 


1-0 


98* 


1-0 


(v) Inwardly 
Projecting 
Cylindrical 
Tube 


(vi) B o r d a’s 
Mouth Piece 




(vii) Divergent 
Conical Tube 5° 


Divergent Tube 
with Bell- 
Mouth 


1-0 


52 


1-0 


Cv 

•97 


C 


61 


97 


97 


96 


82 


72 


94* 


82 


72 


98 


2-0 



51 


l*46t 


2-Ot 


* For the smaller end of the Tube. Angle of Cone is 13°. 
t For the Smaller end when angle is 5° — 6'. 

t For the smallest Section : (see hydraulics by Bellasis page 43.) 
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Practical Hydraulics And Its Applications 


23. Velocity of Approach 
8 the veloeity head h. = let • i ■ he the head over the centre „t orifice, come Uttle distant 


back tronr the orifice, where the water ia calm and nndistnrbed. The actual velocity of discharge = 


c 


J2e( 


1 + 


ha 

h 



10 . 


This is approximate. 

24. Submerged Orifices 

a^ve fonndi gooTbut" ‘ h ’ T letel ‘b^twLn 

reservoir and tail water and is the same for orifice 0 or 0^ 

Q = C A 


(Rg. 22). The 
surface of the 


25. Short Pipes 


As the cylindrical mouthpiece is graduall 
incre^ed in len^h, so as to become a short pipe 
the frictional resistance increases and the coefiS 
cient diminishes as follows :— 


I 


Fig. 22 



Length in 
diameters. 

2 

5 

10 

25 

50 

100 

150 

1 

1 

200 

• ^ 

250 

1 

300 

1000 

Coefficient of 
Discharge. New 
pipes. 

0-82 

•79 

•77 

•71 

•64 

•55 

•49 

•44 

•41 

_^ 

•38 

•216 
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Discharge From Large Orifices And Notches 


In a cylindrical tube Fig. 23 the jet contracts, 
but it expands again, fills the tube and issues “full bore 


Sectional area GK, as in a simple orifice in a 
thin wall, is 0*63 times the area LM; but the velocity 
at GK is greater than 2gh and the discharge through 
the tube is greater than that of an orifice of the size LM. 


When there is flow, partial vacuum is formed at 
N & 0. The pressure at G & K is less than the atmospheric 
pressure by0-69wh, provided h is relatively large to the 
length of the tube: The velocity at GK is also = 
1-37 's/2gh. 


Since there is a partial vacuum at 0, water-level 
would rise in the tube E 0, for ordinary heads, to a 
height EF = *75 h and if the height E 0 is less than 
tins, water will be drawn up the tube and discharged 
with the jet. This is the Principle of a jet Pump. The 
height to which water can be pumped, even if the vacuum 
is perfect, is limited to 34 feet. 


Fig. 23 

S T 



^efficient of contraction and velocity and discharge for different orifices are given in article 7. 

Detailed i^ormation is given in boofe on Hydraulics by Bellasis, Smith NeviUe, 4o made a very 
large number of experiments with orifices, etc. , » v«iy 

th. “ £ sx a-g Tts.:-**-»^ 

From the table in article 25, the coefficient may be taken as 0’80. 

Discharge = C A 2gh = 0*80 X 0-785 X V^X 32 x 12 

= 17*4 C. ft. per second, 

N.B.-See Figures 18, ISA, 19: curve described by the jet is a^parabola with equation = 2gh>. 2g being 
the parameter : x = vt, v being actual velocity. |- = t = = ^ : Theoretical velocity 

= >1 (2gh2): Coefficient of velocity Cv. = = 

Theorl.vel. 

problems can be solved by the help of above equations. 


X 

V(4hT~ ■ actually measuring x, hj, hj, many 


CHAPTER VII. 

DISCHARGE FROM LARGE ORIFICES AND NOTCHES 

26. Large Orifices 

tb» l^t chapter we have dealt with smaU Orifices, i.e., those in which the head is nearly 

the same for all the issmng threads. In the case of large orifices, the velocity cannot be taken the 
same for aU the timers of the jet, omng to heads differing widely for the threads at top and bottom 

of the thread at centre of the Orifice. Hence the expression for discharge viz. ^ 

to “ ““ case „ weU, ■ h ■ being the height bom the centre o£ the Orifice 
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Practical Hydraulics And Its Applications 


This 


27. Bebnouilli’s Theorem 

has been explained in articles 13 and 14. It is repeated here. 


I 

The figure 24 shows a channel with 
regular bed slope and water flowing down in 
steady motion. Take any particle with its 

V2 

height above datum o o. Then —, kinetic 

2g 

energy, is the head due to velocity and represents 
the amount of work to be done by the particle 
<Say 1 lb. of water) moving with velocity V feet 
per second. Suppose the particle moves down 


for one second, pressure energy — (Since P = 

■wh) represents the quantity of work done by the 

particle under pressure P and moving with 
velocity V. 


Fig. 24 






The work to be done by 1 lb. of water falling to the datum line o o. 

the datum line o o *a ^ the total energy per pound of water estimated with reference to 

tne datum Ime o o. This is umfonn along the stream line. 


If the particle moves down to a new position and acquires pressure head = — and potential head and 

V a — V® P pi ^ 

velocity V^, then-= — —- l jr_ y\ n 

V* P V12 P 

'*■ 2g W 2^ w" constant. 12. 

This is Bemouilh’s theorem or application of the law of conservation of energy to flowing water, 

If^he depth of the particle is measured from the datum o^ o^, then Z becomes negative and the equation is 
r~ + — (h + h^) = constant.13. 

jg W 

In a stream line* the fall of surface level between two sections is the diflerence of heights due to velocities at 

V,* V* 

those sections or h* = —=-see Fig. 24. 

2g 2g 

Venturi meter is designed on the principle of Beraouilli’s theorem. 
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Discharge Frmn Large Orifices And Notches 



28. Hydraulic Gradient 


Let two vertical tubes be placed so 
as to meet a stream line at B & C, Fig. 25, 
the points B and C being at the same 
depth below the water surface in a channel 
with regular bed slope and steady flow. 
The water will rise in the tubes to point 
D and E, due to pressures at B and C: 

B D will be equal to and C E = ^ , 

P and pi being pressures at B and C. 

The difierence of level “ h ” be¬ 
tween the free surface of water in the 


tubes is equal to Z + 
See equation 
No. 27 above : h = - 



No. II in article 


V a — V» 

-^^.V,andV 


are velocities of flow at C and B 
respectively. 


Fig. 25 



I I 

I I 

i-- i 


Datum 


“earn that fall of s^face levels between two sections at B and C is the difference of 

thw 'velocities at those sections. The line D E is termed the Hydraulic Gradient but 

this expression is also used in cases where friction is taken in account. ^raaxent. but 


29. Velocities of Threads Issuing in a Jet. 


Fig. 26 


The Fig. 26 shows a vessel with 
stant, water jet coming out of an Orifice 
velocity V feet per second. 


water surface con- 
near the bottom with 






otto p“r„,Xii* t ‘r 

acquires velocity V at the Orifice 0. P e at B starts with velocity nearly nil. It 


Zero. 


At B, the head is 


<( 


h» ”, the pressure is n (atmospheric pressure) + w h^ and the velocity 
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Discharge From Large Orifices And Notches^ 


31. Large Rectangular Orifice. 


Let ‘ L ’ be the length of the orifice, hj & 
hj the heads to the bottom and to p res- 

pectively, Fig. 28. The velocity at C = ■>! 2ghi 
represented by C D. 

The velocity at E = -^| 2gh2, represented 
bv E F. Hence the mean theoretic velocity j^s 

E F D C I hi -»|2ghi — f hj >1 2gh2 

- E^ = hT^^h; 


The theoretic discharge = A v 


3 

<r 


3 

TT 


L ( hi — h2) 


§ 2g ( hi — hg ) 

hi ho 


. •. actual discharge 

3 3 

Q = f C L V2g (hi — hg ).15. 

It will be seen that if hg is Zero, the 
orifice E C becomes a notch, and the equation 
15 reduces to equation 14. 


Fig. 28 



There is another way of looking at this problem. Treat W C as one notch and W E, another 
notch. The notch E C is difference of the two, the length L remaining the same in both cases. 

Applying equation 14, we get 

f C L hi § C L ha 

3 3 

= J C L (hi — hg ) = discharge through orifice E C. This is similar to equation 15. 

As in the case of a notch and for a similar reason, coefficient C is not constant but varies for 
different heads and areas of orifice, the mean value being 0.62. 

Practical examples of rectangular orifices are sluice openings in Barrages, tank Bunds, Locks, 
etc. 


Example I 

The discharge from sluices is genereally calculated on the assumption that the velocity at mean depth is the 
mean velocity. What difference in C. ft. per minute would this make in the calculated discharge from a sluice 4 feet 
long and 2 feet deep, with a head of 12 feet on the sill, the coefficient bein taken as f. 

True discharge 

3 S • 

Qi = f C L ( hi — h* ) 

S 1 

= J X f X 4 X 8 ( 12^— W ) 

= 132. 665 Cusecs. 

Velocity at mean depth is 

= Al2g X 11 
Approximate discharge 

Qa = C A ^2gX 11 

= f X 8 X 8 '^n 

= 132. 665 

Difference is 0-046 C. Feet/Sec. or 2J C. ft. per minute. 
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Practical Hydraulics And Its Applications 



At 0, the head is “ h ”, 
By Bcrnouilli’s theorem. 

W 


the pressure is ^ and Vel. V. 


ya 

constant = 

2 g 



Free water surface being the datum line. 

_ 

. h = — or V = V 2gh 

Velocity of discharge is explained also in article No. 9. 


30. Rectangular Notch 


Consider a rectangular notch of length * L ’ 
and of depth B C in the vertical side of a vessel filled 
with water, the water level being kept constant by the 
addition of water in the vessel. See Fig. 27. 

A fluid thread at a point, % feet below the water 
surface, has a theoretic velocity equal to V 2g x- 

Lay off P Q horizontally equal to ^ 2g x, to re¬ 
present the velocity at P. The outer extremities of 
all such lines as P Q lie on the parabola B Q D, C D 

of course being equal to 2gh. Since P Q = V 2gx 
= Ordinate Y of the Parabola. Then Y* = 2gXi 
which is equation to a ^mrabola whose axis is B C and 
vertex at B, the parameter being 2g. 

The figure B D C is graphic representation of 
velocities of all the threads issuing from vertical 
line B C. 

The mean velocity of all the threads = 



S 


(PQ) 

BC 


area BCD 
~h 



I h X V 2gh 




i.e, the mean velocity is § of bottom velocity. 


The actual discharge is 

a 

Q = § C L h = S C L h^. 

C is coefficient of discharge, 0*62 for a thin plate, for complete contraction. This equatioo 
used for large weirs. 

Mr. Francis* takes the value of ‘ L ’ in the abo\*e equation as L—O 3 h in case * L 
than 3 times * h ’, when there are two end full contractions in a notch in a thin pUte 1 
examples are gauge boards, tank surplus weirs and barrages across rivers. 


•Francis, a Hydraulician of 19th century. 
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Practical Hydraulics And Its Applications 



32. Triangular Notch. 

In the case of triangular notch there is no base to cause contraction, which will be dne to 
sides only. The coefficient of contraction is constant for all heads. 


The exact formula for the discharge has been arrived as given below;— 


Consider Horizontal filaments at 
different depths from the water surface 
which is the base of the triangle. 

The sum of discharges of all such 
filaments by Calculus is the discharge of 
the A notch. 

3 

Q “ T7 C V2g L h.16. 

h being the depth of Apex and L the 
length of base of notch. 

It will be seen that the ratio of L is 

h 

constant for all values of h. This is not so 
in the case of rectangular notch. Here C 
therefore is more or less constant for all 
values of h and is equal to 0'617. 


Fig. 29 

I 


I 

-u-^ 



Discharges through similar notches will depend 


on their linear dimensions, raised to power |. 


Discharge varies as area X Velocity. 

Area varies as h* and velocity as h^; therefore Q varies as h* X h* or or *= k W, K 

being constant, same for all similar notches. This is called Thomson's principle of Oeorrietne 

similarity. 


For a right angled isosceles triangular notch with sharp 


II 


etal edges. Fig. 29. 


Q 


TS 


X *617 X <2g L hJ : C 


617 (UXWIX) 


TT X 


617 X 8 X 2 h X hi = 2*632hi 


Thus knowing the discharge under a head of 1 foot, that under the head of 4 feet will be jwt 
32 times as much. * 

iaim. 


The writer used this form of notch for gauging small discharges in Simla Hill 
discharges through such a notch see page 37. 

Gauging small quantitiea of water through a Triangular Notch. 

The Notch must be right angled notch with thin edges. 


H = height above bottom of notch in inches- 

• 2*48 h* « Barnes Hydraulic How Reviewed. 
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Discharge From Large Orifices And Notches 


TABLE OF DISCHARGE, GALLS. PER MINUTE, t 


H 

0 

•1 

*2 

*3 

•4 

•5 

•6 

•7 

•8 

•9 

1 

2*01 

2*51 

3*12 

3*81 

4*59 

i 

6-45 

6*45 

7*45 

8*59 

9*84 

2 

11*19 

12*64 

14*20 

15*86 

17*65 

19*55 

21*56 

23*42 

25*95 

28 *,32 

3 

30*84 

33*46 

36*23 

39*12 

42*15 

45*33 

48*64 

52*09 

55*67 

59*41 

4 

63*30 

65*79 

71*50 

75*83 

80*32 

83*74 

89*89 

94*72 

99*85 

105*12 


5 inches = 110*57 


Water dammed ; not in motion. 


Discharge in gallons = 1*978 V H, or 
(Thomson’s formula) = 1*91 H2'5 


33. Circular Orifice. 


The circle may be divided into a number of vertical strips, which are approximately rectangles, 
ihe mean velocity through each rectangle is very nearly the velocity at the centre of gravity of the 
recta^e. Such centres of gravity lie on the horizontal diameter of the circle. The mean velocity 

= < 2 gh nearly, h being the depth of the centre of the circle. 


Q — C A V 2gh. jY 

“““'er, may be treated the case of any orifice whose form is symmetrical above and below a 

theTbovJ Wula"^^^^ rt"uir4Ter 


d4. Submerged Orifice. 

diff. u ^ ^ preliminary way in article 24. CaUing discharge as Q, area of orifice as A 

dinerence of level between the water surfaces as h, then ’ 

Q = C A *>/ 2 gh . jg 

B «d thread, .he reW., a. 

At B the head is h\ the pressure 71 ; + wh^ the 
velocity zero. ’ 

At C the head is hg, the pressure 7 c + whg, the velocity 
is V. By Bernouillis theorem 


Fig. 30 


h^ = 0+ 

^ w 


hj = constant 


, 7C + w hg 

2g W 

V2 

■■■ ^ = t, —h3 = h 

Coefficient C = 0-62. For rectangular orifice, 0-80 
for head slmces, 0-90 to 0-95 for bridge openings with 
curved cut-waters. ^ ® 



t Molesworth Pocket Book, page 365. 
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Practical Hydraulics And Its Applications 


35. Partially Submerged Orifice. 


The discharge may be divided into 2 
portions, viz. Qj taking place through a simple 
rectangular orifice of depth (h—hj) and Qa through 
a submerged orifice of depth (hj —h). The total 
discharge Q = Qi + Qa 

= C L 11 (h? — ha^) + (hi — h) hi I 

.19. 

C = 0*62 for Qj and for Qa. 

C = 0*66 for sluices without side walls. 

C = 0*70 for canal locks, and dock gates. 

For narrow bridge openings, 0*90 : 
for wide bridge openings, 0*94. 


Fig. 31 



36. Submerged Notch. 

We may divide the discharge into 2 parts, 
upper and lower. The former corresponding to Fig. 32 

an ordinary discharge over a notch and the second 
to discharge through a submerged orifice. 

Thus first part of discharge Qi = § Ci L H >1'^. 

„ second part ,, „ Qa = Cg L ( hi — h) 

Total discharge Q = Qi + Qa = L 

^ § Cl h Ca (hi'— ^. 

For accuracy’s sake take the coefficients Ci and 
Ca separately. Ci = 0*577 and Ca — 0*80 generally. 

For velocity of approach, h becomes h + ha in the 
above formula. 

The ordinary cases to which these two formulae are applied in practice, are drowned tank 
weirs or Barrages; also under bridge openings where the natural water way of the stream has become 
so constricted as to cause an appreciable amount of heading up of the water on up stream side of the 
bridge. 

When h equals hi, standing wave conditions exist. When C is taken equal to Ci and equal 

y 

to C 2 = 0*62 and h taken equal to hi, then the down water level has no effect on the discharge. 

y 




37. Mouthpieces or Adjutages. 

In article 25, discharge from cylindrical mouthpiece is discussed in detail. In article 22, a 
table is given describing the coefficients of discharge for different kinds of mouthpieces. It ^ 
be seen that in the case of divergent conical tube, C is 1*46 and for divergent tube with bell 
C is 2*00. Thus the actual discharge is more than the theoretical discharge ; without entering m 
mathematical details, simple explanation is given below. 






































Discharge From Large Orifices And Notches 


In article 25 it is explained that there is partial vacuum at “ Vena-Contracta ” and the velocity 

is great. The discharge does not depend on the section of “ Vena-Contracta ” which may be as 

small as we please, provided the velocity at “ Vena-Contracta ” does not become so great as to cause 

the pressme to fall below zero. Should this occur, the water pressure becomes a tension, continuity 

of flow would be impossible and the mouthpiece could not run full at the outer end. The maximum 

theoretical discharge, 

% _ 

Q = (area of the orifice) A X >12g (h -f- 34): 

The actual discharge in practice Q = CA ^ 2gh, 

C being more than unity as given above. 

In cylindrical and convergent mouthpieces, there is a sudden contraction at the inner orifice 
and a subsequent expansion to fill the tube. A loss of energy consequently takes place, which reduces 
the coefficient of velocity, although the tube may run full at its external end and the coefficient of 
contraction be equal to unity. The coefficient of discharge in such cases is less than unity as 
given in table in article 22. 


38. Velocity of Approach. 


Fig. 33 


An important point in connection with 
all the formulae given above is that they apply 
only to the case of discharge from water at rest; 
thus in each case, the discharge is supposed to take 
place from some tank or reservoir in which the 
water is at rest, and maintained by some means 
at a constant level. A great many practical cases 
approximate to this and the above formulae are 
applicable to them, but there are others, e.g, the 
discharge over a weir across a flowing canal or 
river in which the water flows up towards the point 
of discharge with some initial velocity, e.g, the 
average velocity in the canal or river at some 
distance from the weir. Such a velocity is called a velocity of approach (See article 23), and it 
should be noticed that velocity of approach is independent of the size and nature of the orifice or 
notch but depends upon the source which supplies the water for discharge. 

This velocity of approach tends to increase the discharge through the orifice or notch. 

Fig. 33 shows a rectangular notch. If the velocity of approach is Va, the head required to 
produce this velocity is VgS represented by ha in the figure 33 ; h represents the original head on 

2g 

the notch. Thus the rectangular notch of depth h becomes a rectangular orifice, the head to bottom 
being h + ha and head to top being ha. See article 31. 

Hence 



Q = I CL >12g ( h + ha )^ — ha^ I.21. 

C == -577 

The construction of a weir across a river causes an increase of water section immediately above 
the weir ; consequently the velocity of approach is less than the natural velocity of the stremn. 

If A be the natural section, V the natural velocity, let Aa be the section just above weir Va 
the velocity. ’ 

Then 

Va Aa = VA. ' 
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Practical Hydraulics And Its Applications 


The principal cases of discharge to which the above formulse will have to be applied are (t) Tank 

surplus weirs (ii) barrages or anicuts across rivers. 

In the above formulae, square root of difEerent values of h can be found from tables of squares 
and cubes. 

In article 22, a table is given for values of C for orifices or short tubes met with in practice. 
Some books give values of C for difEerent heads and for difEerent kinds of orifices in elaborate details. 
These are not copied here. * 


39. Examples. 


(I) An orifice one foot square whose centre is 36 feet below water surface, is found to discharge 36 cubic feet 
per second. What is the coefficient of contraction, supposing the coefficient of velocity to have its mean value 0.97. 

Since the orifice is small, compared with its depth, the formula for discharge is 

Q = CA V 2gh : also C = Cc Cv, 

A = one sq. foot. 

. •. 30 = Cc *97 V 2 X 32 X 36 = Cc *97 X 48 

. •. Cc = 0’64 

(II) A rectangular orifice 4 feet wide and 3 feet high has a water surface 4 feet 6 inches above its lower edge 
on one aide ; estimate the discharge and also the amount by which it would be increased if the water had the 
velocity of approach of 6 feet per second. 

See equation 15 of article 31. 

Discharge without velocity of approach. 


a 

T 


a 

a 


Q = J CL (h, — h, ) 


a 

% 



= JX-62X4X8 I (4-5) 

= 102 cusecs nearly 

With velocity of approach, 5 feet per second, the head ha, due to velocity of approach 



= — = — = 0*4: See equation 21 of article 38. 

2g 64 

Q = } CL ^ (hj -f ha ) — ( hj + ha ) 

= 108 cuaecs C = 0*62 

L = 4 
= 4*6 

hj = 1-6 

• * • increase due to velocity of approach 
z= 108 — 102 = 6 cusecs. 

(in) Water enters the condenser of a steam engine at the sea-level from a reservoir whose 
10 feet above the injection orifice. The pressure in the condenser is 3 lbs. per square inch. Fmd the tneore 

velocity of flow into the condenser. 2 

The atmospheric pressure in the reservoir is 14-7 lbs. per square inch. The resultant pressure is thus 14* 

= 11-7 lbs. per [H' or 11-7 X 12 X 12 = 1685 lbs. per square foot. This is equivalent to a n 

= 27 feet. The total effective head is therefore 

d2*4 

27 + 10 = 37 feet, 

V = = 8 *>r^ = 48-7 feet. 

(IV) The discharge from sluices is generally calculated on the assumption that velocity at mean depth 

velocity. What difference in cubic feet per minute would this make in the calculated discharge from a siuiu 
long and 2 feet deep, with a head 12 feet on the sill, the coefficient being 
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Discharge From Large Orifices And Notches 


The mean depth = 12 — 1 = 11 feet only. 

Mean velocity = V 2gh = “V 2g X 11 : approximate discharge = CA ‘V2g X 11 = |-X4X2x8x 

= 132 *665 ousecs. 


True discharge Q = J CL ( hj — hg) 

See equation 15 of article 31, 
hi = 12 feet and hg = 10 feet 

t 5 

Q = iX|X4X8X( 12^— 10^) 

= 132-619. 

Difference = 132-665— 132-619 = 0-046 cusecs. 


^ culvert 3 feet long, consisting of a semicircular arch of one foot radius resting on a level floor, has to 
pass a discharge of 9 c.ft. per second. There is a free faU downstream, mat wiU be water level upstream. 

This is a case of a semicylindncal tube, diameter 2 feet: length 3 feet: cross section = a semicircle of 2 feet 
diameter; area =1-57 sq. ft. 

From table article 22 


C = -80 = Coefficient of discharge. 

Discharge Q = 9 = -80 >l2gh X 1-57 

^ ~ from the centre of gravity of the aperture to free water surface, 

ot gravity is *58 feet from the crown of the arch downwards 


Now the centre 


, 0-80 —0-58 = -22 feet: 


This is the height of free water surface above the crown of arch. 


nf fiift If the discharge takes place through a triangular notch in a waste board placed on a dam, the two sides 

^equally mclined and meeting at a right angle, find the coefficient of discharge C when discharge 

cubic feet per’n^ute ^ ^ height in inches of stUl water above bottom of notch and Q is the discharge in 


section"^^^ approximate discharge in cusecs — CA V 2gH, where H is head in feet to centre of gravity of water 


In this case H 



_h 

36 


feet. 


144 


Since the traingle is an issoceles one, the base L = 2h (inches): 
sq. ft. 


Area = (2h X h) X 



Approximate discharge per minute 





X 60. 


By Question, Q = | ^ 

3 - 

= c=| = 0-60 

8 inchi!Teioo% of ^proach 2‘^Uer®er through a rectangular notch, in a thin plate 6 feet wide, head 

See article 30 and 38 


Velocity of approach Va = — 

60 X 60 


= 2*93 feet per second. 
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Practical Hydraulics And Its Applications 


Head due to velocity of approach = ha = 


8 


2g 


64 


— 0-13 feet. The total head on notch = h -f- ha 


= — + 013 == 0-80 feet. 
Length of notch L = 6 feet. 


Discharge Q = | CL 


I 


1 


( h + ha ) 



= ix -62 X 6 X 8 



3 

7 


discharge per minute = 


80 


40 X CO 


S \ 


20 X 0.667 = 


40 


= 800 cusecs. 


.1 discharge from a circular Bellmouthed tube, 1 foot in diameter, situated in the middle of 

tne end ot a honzontal trough of rectangular section, 2 feet wide and 2 feet deep. 

See articles 21 and 22 

The head h is one foot from the centre of Bellmouth to the top of free surface water level. 

Area A = 0*785 sq. feet. C = 0*97 

Discharge Q = CA 0*97 X *785 X 8 X 1 = 6*08 cusecs. 

(IX) The external area of a divergent concoidal mouthpiece is 4 sq. inches. Find the theoretical area of the 
smallest cross section, which will allow the mouthpiece to run full, (t) When the head of water is 2 feet, (») when 
It is 15 feet. 


(i) At point D, the velocity is 

>/ 2gh = “>/ 2g X 2. The area is 4 sq. inches. 

At point C, the velocity is 2g (2 + 34 ). 

The area at C is say A sq. inches. 

The discharges at C & D are equal. 

.'. A V 2g X 36 = 4 V 2g X 2 . *. A = 0 • 94 sq : inches 

(») A V 2g X 49 = 4 2g X 15 
. •. A = 2*21 square inches. 


Fig. 34 



(X) A circular orifice 1 square inch in area is made in the vertical side of a large tank. 
If the jet fall vertically through 1§ feet while moving horizontally through 5 feet, at the same 
time discharging 16 gallons per minute, determine the horizontal force on the tank. 

Answer: 1-286 lbs. 

(XI) Find the time required to empty a swimming bath through a flat grating in the bottom 
of the deep end. 

Depth of water at deep end = 6 feet 

„ „ „ shallow end = 3 „ 

Length of bath = 80 „ 

Breath = 30 „ 

Area of grating = 2 square feet : coefficient of discharge 65. 

Answer: 596 seconds. 
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Weirs And Practical Cases Of Discharge From Large Orifices And Notches 


CHAPTER VIII. 

Weirs and Practical Cases of Discharge from Large Orifices and Notches. 

40. Weirs .—In the preceding chapter we have dealt with discharges from large orifices and 
notches. We now proceed to weirs, etc. 

A weir is essentially an irregularity in the stream bed, over which the water falls in a sheet of 
certain depth. The term weir refers to the whole constructional apparatus used to produce the definite 
sheet. 


In a sharp edged weir, Nappe or stream springs clearly of the sides provided there is a clear 
margin all round the weir. 

In the case of discharge through a thin plate, the coefiicient is certainly known with some 
precision, but, except in the cases of gauging small streams, discharges take place in practice through 
masonry works, whose varying details of construction render it impossible to assign coeflBcients which 
will always suit each type of work. 

Unless the contrary is stated, it will be assumed that all weirs have vertical side walls, such 
forming in practice the vast majority, and the contraction is complete. 

The practical formula for discharge over a shaip-crested weir with complete contraction and 
velocity of approach is 


Q — §CLh ‘^2g .22. 

Where L is the length of the crest, h the head on the crest and C is a coefficient of discharge 
whose value for weirs in thin walls averages about 0*62 and for others, varies according to the Form 
of weirs, and value of h, irrespective of the value of additional head due to velocity of approach. 


Description of weir. 

Value of C. 

Broad crested or flat topped weir 

0-577 

Weirs with narrow crests 

0-623 

Weirs over-fall where L = full width of channel (end contractions suppressed) 

1 

0-666 

{ 

1 

For broad crested weirs Q = 3*1 L h^. 


For short crested weirs, see paper No. 170 of P. E. Congress by C. C. Inglis, S. E. P. W. D,, Bombay and also 
see Bombay P. W. D. Technical paper No. 44 “ The Dissipation of Energy below falls ** by C. C. Inglis. 
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Practical Hydraulics And Its Applications 



The case is similiar to a 
rectangular Notch as described in 
article 30 of chapter VII. At a weir, 
see fig. 35 the water surface always 
begins to fall at a point A, situated a 
short distance upstream of the weir. 
Hence whatever the crest and end 
contractions may be, there is always 
surface contraction. The angular 
spaces between the wall and bed and 
sides of channel are occupied by 
eddies. The fall in the surface begins 
where the eddies begin. From this 
point, the section of the stream proper 
or forward moving water diminishes, 
its velocity and momentum increase 
and the increased surface fall is 
necessary to give the necessary 
momentum. 

When the notch boundary and 
walls of approach channel coincide at 
a point, the contraction is completely 
suppressed at that point. 


Fig. 35 



The efEect of partial suppression of contraction is to increase the discharge, the more 
suppression the more the discharge. 


tne 


The effect of the side contraction is to decrease the discharge by an amount 


4 C ,_ 

-3 10 X H2-6 


(Francis). 


The head ‘ h ’ should always be measured above the point where the flow of water is unifoini. 

Effective head H = h + hs* (the head due to velocity of approach). 

For a given weir in a thin wall, c decreases as h increases, the effect of end contraction 
increasing with * h.’ It has been stated that if sides are given a slope of J to 1 , c is constant ^ 
heads, the sloping sides having the effect of lengthening the weir as h increases. In the case of na 
topped weirs with narrow ciests, the discharge depends upon (t) ratio of depth of water overcres 
to the width of crest top, (n*) upstream face batter, (Hi) down stream face batter, (iv) height of crest 
above upstream bed-level, (a) if the upstream face has a batter of 1 in 3 and (5) the down st^am lac 
a batter of 1 in 8 , the discharge increases by 18 per cent for (a) and 23 per cent for (a) + ( 0 ). 

Professor Gibson in his book Hydraulics^ page 160, Third edition, says “ Except wUh a freely 
Nappe or water sheet, the state of affairs is very unstable. Any pulsation in the str^m ^ ,^ntact 

piercing the Nappe and allowing admission of air, or even a sudden gust of wind blowing the Nappe m 
with the weir face, may totally alter the conditions of flow, and no attempt should be made to use a we , 
when discharging freely, as a measuring device.** 


41. 

Q 

V 

ha 


Velocity of approach ,—If there is velocity of approach, the formula is 

= § C L (h + ha ) 5 . 

= mean velocity of approach 

«r<r2 

= (head due to velocity v) = 


23 . 


2g 


h -|- ha == H = Effective height or bead. 
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Weirs And Practical Ca^es Of Discharge From Large Orifices And Notches 


For flat topped weirs C = 0*577. 

Weirs with narrow crests C = • 623 

Over-fall weirs where L is the full width of the channel {i.e., end contractions suppressed) 
C = *666. 

It is some times assumed that the effect of energy due to velocity of approach is the same as that of raising 

the water level by* a height AK (Fig. 35), equal to — , the discharge is the same as that through an orifice with 

heads KA & KE. The discharge is the difference between the discharges of two weirs (i) crest c, head KJE and ^ii) 
crest at A and head KA. ' ' 


Q — fCL'>/2g l^(h-l'ha) — ha 

This is similar to equation 15 in article 31. 

The velocity of approach can be measured when the water is flowing over the weir. But when the weir is 
not even contracted and is being designed in oflSce, then calculate the velocity of the ‘ Approach channel ’ approxi¬ 
mately, the bed slope and cross section being given, by trial and error from the equation 23, fair values of v. h & Q 
can be ascertamed, » 

Francis formula, adopted by French officials, for velocity of approach is as under:— 

Effective or still J | 

water head H = ( h -f ha ) — ha 

H = effective depth 
h = observed depth of water over crest. 

V = mean velocity of approach. 



2 g 


The above relationship does not strictly hold good in the case of flow of water over weirs with 
flat narrow crests on account of the fact that in the approach channel the distribution of velocities 
18 not at all umform in any vertical, the velocity at the top being much higher than that at the bottom, 
riazin and others have therefore advised that the effective ^ditional head over such weirs due to 

velocity of approach V^is 1-5 , depending on the type of the crest and conditions of flow in 

any particular case. 

Francis* gives the following equation ;— 

For discharge over weirs with end contractions, 

3 

Q = 3*33(L—•lnh)h^. 

L = Length of weir, 
h = Observed head, 
n = Number of side contractions. 

= 2 in an ordinary weir. 

= 4 in a weir with a sharp edged pier in its midst. 

H == corrected head = h + ha. 



ha = head due to velocity of approach 


V 
2g 


If there be a velocity of approach, substitute H f or h in the above formula. 

♦“An American mathematician deduced this formula experimentally, which is quite rationah 

H ifL=l. Log Q = log 3-33 +I log H, a straight Line Law. 


S 

T 


Q = 3-33 








Practical Hydraulics And Its Applications 


In the case of a weir having the same length as the width of approach channel n is zero; 

3 

Then Q = 3-33 LH'. 

of weirs and their coefficients.—In the case of weirs having an upstream 
increases according to some higher power of the head than The^wer 
ay attain a value as high as 1-75; although it usually lies between 1-5 and 1-65 (Prof. Gibson). 

stream?ace^batter^ increased by flattening the up stream face batter and also by flattening the down 


B , B being the 

Q = 3.61 (.f )* H* L. 

H = Effective depth of water 
B = Breadth of crest 
L = Length of weir. 

If in the above the down stream face is vertical, 

Q = 3-324^^ 

For a broad crested weir 



H L. 


■j.i. is reduced by increasing the width of the crest in proportion of 

Width of the crest. ^ ^ 

For a crest having up stream face batter 1-3 and down stream face batter 


3 

7 


Q = 3-OOLH 

See paper No. 141: P, E. C. (1930) for energy losses over long crested weirs by Bedford and Montagu. 

43. Surplus or waste weirs, —The writer visited in 1902 an artificial lake built in 
the last quarter of 19th Century. This lake is situated about 10 miles from Poona in a hilly 
country at Khadakwasla.f 

An extensive piece of more or less flat land, surrounded by hills forms the basin of the lake. 
The surrounding hills form the catchment area from which rain water flows towards the lake. A 
long masonry dam about 75 ft. high has been built to form the lake. 

A part of the dam, at one end is the waste weir. A natural torrent with rocky bed forms the 
escape channel. A canal with head works at the other end has been built along the hill side to use 
the lake water for irrigation purposes. 

§ 

The inflow into the lake is Q = C M , where M is the area of the catchment basin in square 
miles and c is a local coefficient ranging from 350 to 650, depending upon the nature of the soil ana 
slope of the ground in the catchment area, and Q in cusecs. The above empirical formula is due to 

Ryves. Dicken’s formula Q = C M is also some times employed, c being a coefficient, whose 
value depends upon local conditions. 

The top of the dam is generally 4 ft. above the maximum water level in such a lake. The 
depth or head on weir is generally 2 to 4 feet, the crest thus being 4 feet below the maximum leve 
in the lake. 


r uj. jjujLiiutk^ was liaeu Engineer in charge 
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The top or crest of weir is 3 ft. broad or a little more. Assuming that the lake is full when 

the rainfall commences, then this is the maximum discharge which the weir should pass with the cdven 

head. The discharge provided for is proportional to the intensity of rainfall, that is to say the 

maximum ramfa 1 per hour. On the top of the weir at Khadakwasla§, iron sluices are built which 

open automatically, when the flood level reaches a certain mark; The weir has a clear fall on the 
outside vertical face. 

The (flscha^e_ over such a weir is that through a rectangular notch (see equation 14) 

m, Q = fcLh ^l2gh .° 25. 

xi. ^ measured to the surface of still water. The Value of C 

the coefficient, varies with the head, with the length and thickness of weir crest and with the depth 

of water in front of the weir. C is • 5777 as proposed by Prof. Unwin. Some times sluice syphons 
or spillway syphons are used to allow the surplus water to escape, see article 76. 

^ Example 1. What length of escape weir should a storage tank have for each square mile of a catchment 

ihlTthe tl^k^ffhuTnH^th ^ P®** reaches the tank, it being assumed 

that the tank is full, and the supply from each square nule is uniform and the height of still water above the crest 


of the weir is 4 ft. 


Discharge in cusecs, Q = 5280^ X 


1 


X 


12 \ 60* 
See equation No. 25. 


X 


60 


100 


= 387-2 


Now Q = J c L h ■V2gh. 

387-20 = i X -577 XLx4x8x2 
or 15-7 = L. 

Thus for 1 sq. mile of catchment area, the length of the weir should be 15-7 feet. 

The above results also agree with the figures on Nomogram No. 1. 

If it IS required to find time in seconds to reduce the water level from hpiclif tn Vi au mi i 

weir, of given length, the foUowingformuk(Franchrtrbe uTer^^^^^^^^^^ ^^^^ ^ 

T = 2A / 1 


A 

h 

n 


3-33 (L—, Inh) \ 'Vhg V h^ 

= area in sq. feet of the lake between contours at h^ and hj. 
= mean of h2 and hj. 

= Number of contractions at sides. 


Ih. .h.™S.ppAZt is fcefSdltJ £ S2h'.”S “O Th. h„d o, ^ 

mu crest contraction and end contractions are complete. The Bed slone of anomaoii i - ± i 

of .pp..«h 1. .... no. Pta. « §., d...h„g.£pX1ig'Z'l“ 

Q = JcLh-\l2gh = J X •577 X 25 X 1x8 

= 76-93 cusecs. 

The sectional area of approach channel = 30 X ( 3 4- 1 )= 120 so fi- 
Discharge Q = 76-93 = 120 X Va. Va being the velocity in approach chaLel approx. 

, •, Va = 0 - 64 feet per second. 

V ^ 

The head ha due to this velocity = —~ = *0064 feet 

2g 


• • 


the effective head = 1 + • 0064 = 1.0064 feet. 


The correct discharge Q = J c L h 2gh 

= ioL ■\|2^ X h I 

^ ^ '®77 X 25 X 8 X 1-01 = 77-69 cusecs. 
This agrees with the readings on Nomogram No. 1, if a straight edge is applied. 


Enginir^^ Hydro-dynamical Research Laboratory is located here and conducteT^^T^ 
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Practical Hydraulics And Us Applications 


level. Formula for discharge from the catchment basin Q = 500 
Here Q = 500 X 45^ = actual discharge. 

Theoretical discharge over escape weir Q = f CL 
. ■ . 500 X 45t = I X '577 X 250 X 8 X ht 

' J 2 X 45i 
or h = ———— 

3*07 

whence h = 4 feet. 


h^ 


.' . height of bund or Dam = 6 + 4 = 10 feet. 

Side Weir;— 

In New Delhi Sewerage scheme, an overflow on the left side of 84 inches diameter sewer was 
built. The sill level of this side overflow weir was kept at the centre of the Sewer which carried 
Sewage during dry season upto the sill of the weir: During rains, the excess passed over the weir 
into a natural stormwater drain leading to the river Jamuna. 

L = 29'1 w^*^ h*®^^ feet 

Q = 1*674 w X h^’^ cusecs 

L = Length of the sill of the weir. 

W = width of the main channel (84 inches sewer in this case), 
h = head over the sill. 

(“ Proceedings Inst. C.E.” 1923). 


44. Weirs with broad sloping crest. 

—The form of such a weir is shown in fig. 36. 
The crest is sloping and broad the edges 
are slightly curved to suppress contraction. 

If the width of weir is great, the coefficient 
of discharge is a function of the head, the 
length of the crest, the roughness of the 
crest surface, the coefficient of viscosity 
and the temperature. Professor Unwin 
takes C as *577. For maximum discharge 
h^ should be 2/3 of h : V = (h—b^). 

For discharge formula see article 43. 

Q = I C L h V 2gh : see equation 14 
3 feet, then 


Fig. 36. 



25. C = • 577. If the width of the crest exceeds 


3 

Q = 3-00 LH . 

H, being effective depth and greater than l*5w. 



see P. E. C. volume 1919. 


(See “ weir experiments, coefficients and formulas ’* by R. E. Horton). 





















Weirs And Practical Oases Of Discharge From Large Orifices And Notches 


(todia) by L. m“k G^gl °ElecutivrEn^°e^ir®^^^ rei’Institution of Engineers 

tions are noted here:— ° ^ 19^5, The results of his expenment and investiga- 

mergenSibouril per Tell H was tdt^b'Tbeb'’'"^'^ that at a maximum sub- 

the fact that the coeffieLnt of diTcharTthL^^^^ ^ This is in keeping ^th 

does not exceed 67 per cent. assumed to remain unaltered as long as the submergence 


Fig. 37 


nr. it 3. A weir has a head of 4 feet of water 

^ above the crest. 
Jind the discharge per second for each length of 15-7 feet 

See formula 20 of article 36. 

Whose hj — h is termed d here 

Qi = i Cj L h V 2gh : 

Qa = Cg Ld V 2gh : Cj = • 577 

Cg = -80 



d = 3 feet 
h + d = 4 feet 
h = 1 foot 

••■Q = Qi + Q2=15-7X 8 I (ix •577 ) + (.8 x 3) | = 350 cusecs. 

46. Trapezoidal weir. —Discharge 


Q = § c V 2 g h I { L + ( -8 Cot 0 h ) I 

The weir has a free fall. 

The value of C = 0-577 for notches in thin walls 
(unwm) 


= 0-75 for large notches on canals 
(Sir John Benton) 

= 0-78 for canal notches (A. G. 
Reid) 


= 0-79 for distributory notche 
(A. G. Reid) 

C varies tvith value of h. 



Fig. 38 



L 
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Practical Hydraulics And Its Applications 



47. Cippoletti tceir, —For large discharges 
this weir may be used with a A" sill cut away at 
45®, h = height of water over sill, h not to be 
more than l/3rd the length of sill, 

Q = 3-367 L h (Molesworth): L = Length of sill. 
The velocity of flow or approach should be nill. 
There should be free overfall. 


Fig. 39 



48. Gauging weir. —When it is desired to accurately measure the discharge of a stream, a 
dam made of piles and planks is formed inside the stream and puddled on the inside to prevent 
leak^e. A notch, generally rectangular, of suitable size to carry the discharge, is made in the weir 
and is protected by a metal plate, 1/10 of an inch thick, so as to secure accuracy of form and per¬ 
manent sharpness of edge. The air must have free access behind the sheet of falling water. 

This is a case of discharge through a rectangular notch with velocity of approach. 

If the section of the jet does not exceed 1 /5 of water section above the weir, the velocity of 
approach may be neglected. The head is measured on a scale placed on a pile, the zero of the scale 
being accurately level with the crest of the notch. Sometimes the scale is placed in a well, built 
a little away from the weir upstream side, so as to keep the scale safe from eddi^, etc. 

Sometimes a hook gauge is employed. This is available in the market from firms dealing in 
Hydraulic appliances, etc. 

If the head is variable, the scale should be read at intervals of certain number of hours and 
the discharge of any interval be calculated by the mean of the heads at the beginning and end of that 
interval. The discharge is estimated by equation No. 22 : 

Q = § CLh \ 2gh, where C = 0-62 for ordinary heads. If the water contains silt, then a 
triangular notch or cippoletti weir is recommended. 

Example 4.—A rectangular notch is 1’6 ft. wide and the head to still water is 0*64 feet. Find the discharge 
per second. 

Q =ix0*62xl*5 X 0-64 X 8x-8 = 2*54 c. ft. per second. 


49. Anicut or Raised weir or Barrage. —This is a masonry dam built across a river so as to 
raise the water surface to a sufficient height in the dry season to admit of the water being carried ^ 
gravitation to places where it otherwise could not reach. Fine example of this class of work can be 
Been (t) at Okla on Jumna River at Delhi, {ii) at Rasul on Jhelum River in Punjab, (m) at Ferozepur 
on Sutlej, Head works of Upper Bari Doab canal, Head works of lower Bari Doab canal, Head works 
of Upper Chenab canal, all in Punjab, {iv) finally at Sukkur in Sindh across the river Indus. 

The supply of water required is taken off by canals on one or both sides, just above the raised 
weir, the opening from the river being provided with a masonry head-sluice to regulate the admission 
of water. If the full supply level is to be maintained in the canal when little water comes down the 
river, the crest of the raised weir should be slightly above the proposed full supply level in the ' 
All surplus water passes over the raised weir. In ordinary seasons the surplus may discharge wi 
a free overfall, but in floods the tail water may rise above the crest of the weir, and the ? 
upper side becomes heaped up until there is a sufficient head to drive the river discharge through 
contracted section. In both cases the velocity of approach must be taken into account. 

In some cases, boards or planks called flash boards are put up on the crest of the 
regulate the full supply level in the river and in the canal during dry season. During floods 
wooden boards are removed and the depth of flood water over the crest maintains the full ^ 
level in the ofi-take channels above the weir which are also well controlled by Head regulators. 
raised weir across Jhelum River at Srinagar in Kashmir is a fine example of the skill of 
Engineers. There is also a lock to allow passage of cargo boats to pass down from the higher par 
of the river to lower part and vice versa. 
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Weirs And Practical Cases Of Discharge From Large Orifices And Notches 


top of the raised weir, wherein openings 

this arrangement IS to regulate the full supply level or flood level in the river as well as in the canals 

example is at Sukkur in Sindh across the river Indus. The 
reader is advised to visit as many barrages in India as be can. 

nnf.K ^^rfall-—This is the case of free discharge from a rectangular 

notch, with velocity of approach. See article 38, Formula 21. ^ 


Q — § CL *>/ 2g I ( h + ha ) 


ha 


29 


577 


C 

ha = head due to velocity 
of approach. 

wpir +bl ^ IS known, then the discharge of river can be estimated. Just above the 

weir, there is incre^e in the water section = Aa, and the velocity of approach Va is less than 

remaiiing the S, v"a i vlla. 

Say it is 200^ X 8 = 1,600^8. ft.^approx!^^ ^ increased water section above the anciut is unknown. 

The approximate velocity of approach is ^ = 2-5 ft. per sec. 

. *. the head due to velocity of approach is ha = ^ ^ ^ = o* 1 

2 g 

Inserting these values in equation in the article 60 above, 

4,000 = f X -677 X 200 x X | (h + -1 ) 

h = 3*49 feet approximate. 

If we assume that there has been no sUting, the value of h may be corrected as foUows:— 

■ The velocity of approach is:— 

200 X ( 8 + 3-49 ) X Va = 200 X 6 X 4 . 

Va = 1*8 ft. per sec. 

• *. ha = • 05 

substituting the value of ha in the above equation, we get h = 3 - 43 feet. 

What must be the height of the crest above the bed. Velocity of approach being neglected. 

^ 3 CL >/ 2g h ^ : h = the depth of water over crest. 

600 = J X -80 X 60 X 8 X h ^ 


A weir with 


3 

•-.h^ 


2-81 


2 ft. : (3 + 1) — 2 = 2 height of the crest over bed. 
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Practical Hydraulics And Its Applications 


51. Drowned anicut. —This is the case of 
a submerged rectangular notch with velocity 
of approach. 

See article 38, equation 21. 

Discharge through h (Notch portion) 


Fig, 40 


T— 

ba 


Qi — fCiL-V2g ■< (h+ba)^ 



3 

CT 


3 

ha^ 




Discharge through D (sluice portion) 

Q 2 = C 2 L D 2g (h + ha):— 



VTTTTZ'TTTTTW 


Cl 

c. 


577 


80 



approximate 


Q 


Qi + Q 


L 


X -577 X 8 V ( h + ha) ^ 


1^3-07/ 



3 

ha 2 



+ -8 X d X 8 (h + ha) 


\ 


3 


( h + ha ) ^ 


I + 6-4d (h + ha)^ J 


30. 


If the anicut were absent, h is nearly zero, C is then unity. If there were a clear overfall, 
d is nearly zero, C^s *577. Thus the average coefficient for + Q 2 varies between 1 and *577, increas¬ 
ing as the ratio -g- diminishes. This conclusion indicates the imperfections of the formula ; never¬ 
theless it is believed that the above equation will give good results in ordinary cases. 

Example 7, A river 100 feet wide 10 feet deep has a mean velocity of 4 feet per second ; find the height of 
anicut to raise the water level in the river by 3 feet. 

Here we have a velocity of 4 feet per second. 

Discharge Q = 100 X 10 X 4 = 4000 cusecs. 

Fig. 40 


It is not known whether the anicut will have a 
clear overfall or not. This can be settled if the height 
of the anicut is known. 

Assume the anicut has a clear overfall see 
article 50. 


Then Q = I CL V2g < (h + ha ) ^ 


3 

ha^ 



Where h is the required depth on crest of weir J , , 1 r 

^ ^ ^ ha = head due to velocity of approacn 
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Weirs And Practical Cases Of Discharge From Large Orifices And Notches 



The water level in the river higher up the anicut is to be raised by 3 feet: Total depth of water 13 feet. 
Velocity of approach will be 


Va X 100 X 13 = 4,000 cusecs 
• ‘ • Va = 3 feet approximate 



9 

64 


• 14 feet. 


Q = f X *577 X 100 X 8 ( h -I- -14 )^ — ( -14 

. •. h = 5*4 approximately. 


= 4,000 Cusecs. 


Fig. 40 A 


Hence 10 + 5*4 = 15*4 ft. of water in the river 
against the given maximum depth of 13 ft. 

Therefore the crest of the weir should be lowered 
further. It must be a drowned weir. We must use the 
formula for drowned weir, equation 30. 



Q =■ 4000 = 100 1^3*07 (3-14)*— *142 

d = 2 feet 

height of anicut required = 10 — 2 = 8 feet. 



+ 6-4d (3-14)^ 



, maximum flood discharge of a river is estimated at 5,000,000 cubic yards per hour the mean 

velocity bemg 500 feet per minute. An anicut is to be built across the river, 450 feet long, wfth ite crest Iffeet 

I Zl oftheir topi r"' " flood rJiay norrTse w^ithl 

Discharge per second Q = ^ 27 ^ 37 ggo Cusecs. 


60 X 60 


The velocity = 


600 

60 


= 8*33 feet per second. 


Water section A = = 4,500 Sq. feet. 

Mean depth = = 10 feet. 

450 

d = depth of water on crest of weir =10 — 4*5 = 5-5 ft. 
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PTactical HydTuulics And Its Applicutions 


per second 


of the river = 


8-33 ft. 


, V2 (8-33)2 

‘"“IT ■ tt*- 

see formula 30 of article 51. 


S 

T 


(ha)* = M2 


Q = 37,500 cusecs 


-[ 


Now assume 


s o?! (h + ha)’ - ha^ 


+ 6-4d (h + ha 


( h + ha = 


X 



37,500 = 450 3-07 (« — 1-12 ) + 


ha = 1*08 assumed 


6-4 X 5-5 a: 


L = 450 feet 


ha5= M2 

. X = 1*9: \yg have assumed x = ( h + ha )^ 

a:2 = 1-92 = 3-61 = h + 1-08 or a:2 = h + ha 

. *. h = 2.53 

Top of wing walls above the crest of the weir = 5-5 + 2-5-|- 3 = H feet 
Top of wing walls above the bed of the river = 11 + 4-5 = 15-5 feet. 

Example 9. An anicut 1,500 feet long is to be built across a river, A channel takes off from the river jurt 

above the site of anicut, and a head sluice controls the supply to the channel, in which the full supply depth above 

the floor of the is 7-0 ft. and the area of sluice opening is such that a head of 6 inches is requisite to pass the 

given supply. The normal water section of the river is 7,500 sq. feet and the estimated normal discharge 30,000 

C. it. per second. What should be the height of crest of anicut above level of sluice floor, the latter being at the 
same level as bed of the river ? 


= 5 ft. 


The mean depth of water in the river = ~ 

L 1,500 

The mean velocity in the river = = 4 ft. per Sec. 

i^oUO 

The water surface has to be raised through ( 7-0 — 5-0 ) + 0-5 = 2-5 ft. 


Q 


= 5,000 = L 


3-07 (h + ha)’ —h 


A 


a 


+ 6-4d ( h -f h 


-*] 


Fig. 40 B 



See formula 30 of article 51 
ha = Velocity of approach 
V2 42 

2g - 6’ ~ 

L = 1,500 feet 
h =2-5 feet 


5,000 = 1,500 



(•25 )» 


-f 6-4d (2-75) 


























Weirs And Practical Cases Of Discharge From Large Orifices And Notches 


. •. d = • 6 ft. 

. •. Height of crest above sluice floor = 6*0 — 0-6 = 4-4 ft. 

If d had come out negative, it would indicate that the anicut crest must be above tail water. 

Equation 29 of article 60 for a clear overfall should in this case be solved for h. Then 7 - 5 — h will give height 
of amcut above sluice floor. ® 


Example 10.—A jungle stream has a depth of 
3 ft. and a mean velocity of 12 feet per second. What 
must be the height of anicut to raise the water level 
6 ft. supposing that the bed silts up higher up the 
anicut, so as to give a total depth of water of 6 feet 
only. 

It is evident that the crest level will be above 
tail water i.e. the anicut has a clear over-fall. 

Q = i C L V 2g I ( h + ha )^ — ha ^ j- 
also Q — 3L X 12 

= I X -57 L 8 i ( h + -56 )^ — -56^ 1 


Fig. 40 C 


ha = * 



h = 4-71 ft. 


Height of anicut 


^—4*7 + 3 = 4*3 above bed. 


L = Width of stream. 
Q = A X V 


= 3L X 12 



3L X 12 
6L 


6 ft. per sec. 


Va^ 

ha = —-— = • 56 feet. 

2g 

C = -57. 


that thfX'^h ^ ‘"i^h and h is one foot. The bed of stream becomes fiUe 

is h affected <>f 5 feet, but Q the discharge is unaltered 

u aneciea. iJirst case: Complete contraction all round the weir ® 


up so 
How 


C — 0*62 L = Length of weir. 

Wetted perimeter = l + 4 + L+ l+ 4 = L+10 = m. See equation 9a : Article 20. 


Discharge Q = J CL x h^ 

Second case when the bed of channel is silted up and contraction is partly suppressed. 
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Practical Hydraulics And Its Applications 


=o*6 

m 


Tb. wet..d= I. + 2.5 + 2.5 _ I, + Tb.l..gbh.f.h.ped«..to.b»„„^ 

suppressed = (L + 10) — 5 = L + 5 ft. = n 

Cl = 0-62 ( 1 + -14 X -5 ) = 0-6634 

Q = i X 0-6634 L hi^ : 

It is given that Q is constant in both 


hj = head over vreir in 2nd case 


cases. 


3 

T 


• i X 0-62 L -v)2g X 1 = i X 0-6634 L hj 


3 


S 

5 


•. -62 X 1 = -6634 X hi 


3 

T 


3 

T 


. •. hj = 


0-62 


0-6634 


= 0-93 feet 


cutter or ™easurement of the discharge of a fall such as occurs at the end of t 

ShLce iThP ^ ^ is of importance. Tbr 

discharge can be regarded as occurring over a very wide crested weir. 


Q - 4-74 L h^, where h is measured close to the fall on top of the crest. 
53. Miscellaneous Remarks about weirs. 


on fb experiments on Bari Doab canal in 

80 ft. long, when compared with rod float observations, 


Punjab, on a weir with flat top and sloping apron (1— 
gave the following rcsulta 


Q = 3-49 L h 1-5 


h — Observed head varying between 2-5 & 4-2. 
Similar experiments on other weirs of same shape gave the following results 


L 

29 ft. 
37 ■„ 
46 „ 
50 „ 


C 

3-52 V = 2 to 3 ft. per second. 
3-54 h ranging from 3 to 3-5 ft. 
3*58 V = 2 to 3 feet. 

3-69 


weir 2 


fol Hydraulic experiments on Kistna Delta in Madras Presidency *’), worked on 

et wide, with P 2 to 3 feet and L = 18 to 30 feet and found by current meter observations 


that 


Q = CLhi-5 


^ — Height of top of weir above bed of river. 
C = 2-99 to 3-21 
h = observed head = 3 to 4 • 5 ft. 


Chatterton also experimented on Kistna anicut, flat top 6 ft. wide : sloping apron 1—10 and sloping »ppro«fl> 
Length 3,500 feet. He found as follows:— 

(«) with tail water below the crest. 

Q = 3 -13 Lh V{h + 0-036 Va ) 
h was 4 • 66 feet during the above experiment. 
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(6) with tail water above the crest 

Q = 3-09 L < ( h -f hv ) — hv 1-5 I -f Cg L ( h -f hv ) ^ 


h = difference of level between head and tail waters, 
d = depth of tail water over crest. 

V = velocity of approach 

hv = velocity head = —— 

Cj = coefficient = 4*90 + *32 d. 

During the actual experiment, h varied from 2-72 to 3*67 and d, from 8-70 to 4-48. V from 5*21 to 3-73, 
Cgfrom 7-65 to 6-05. 


Lewis at Kasul, head works of Jhelum canal in Punjab, on a flat topped drowned weir 3 feet wide with 
^ ^ "r > found a discharge equivalent to that obtained by putting C, = 6-57 in the 

above formula* The expression C 2 = 4*90 + *32d, gives 6*66. It is therefore probable that the above formula 
in the case of flat topped weir is not far removed from the correct value* 


(iii) For flat topped weir with an apron sloping downstream, the formula 

Q = 3-50 L h ^ 



appears to be well established. 

“ Horton’s weir experiments, coefiBcients and formulae ” is one of the best books on the subject. 

54. Sluices. —A sluice is an aperture provided with a gate or shutter. Generally there are 
adjuncts which complicate the case and render the coefficient of discharge uncertain ; when the gate 
is fully open, the case may approximate to that of an orifice in a thin wall. When it is nearly closed, 
the case may resemble that of a Prismatic tube ; where accuracy is desired, the coefficient must be 
determined experimentally. It may have any value from 0-50 to 0-80 or even outside these limits. 

Sluices are constructed in many forms. A good idea of head-sluices, regulating the admission 

of water to channels can be obtained by visits to Head-works of (1) Jhelum canal at Rasul, Bari- 

Doab canal, Chenab canal in Punjab, Barrage canals at Sukkur in Sindh, Ganges canal at Haridwar 
and various other places. 

Sluice openings or vents as they are called are separated from one another by piers which 

are generally provided with cut-waters. The sluice floor generally is at the same level as the bottom 

of the canal or the river. The bottom and side contractions are greatly suppressed, the coefficient 
may be taken as 0 • 80. 


The water ways of river bridges and those in railway embankments across low ground, liable 
to floods, may be regarded as sluices, with a coefficient 0-8 or higher. 

In all these cases the discharge takes place into water and the head is the difference of level 
between the water surfaces above and below the sluices. 


Escape sluices. These are rectangular openings in overflow weirs of large storage tanks or 
artificial lakes to aUow the surplus flood water to escape, generally freely in the air. They are closed 
by vertically sliding shutters. At Khadakwasla dam near Poona, the shutters are provided with 
small wheels at sides, roUing on vertical rails, and closed or opened automatically by a large float 

in a weU nearby. In some cases, as at Sukkur in Sindh, stoney gates operated by electric motors 
are used. The coefficient of discharge in such cases is 0*62. 

Some times. Tanks or artificial lakes are constructed by building a bund across valleys and 
water for irrigation pmposes is let out through masonry rectangular arched culverts built in the 
ottom of the bund. Such a culvert has a shutter at its inner and upper end to control the discharge 

*0 ^sit and see the outlets for canals, distributaries and other 
channels in various places to get a good idea of sluices. 
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Fig. 41 

Plan 


JThe following observations are taken 
^^^trol of water by Parker, page 
164. The sluices and gates may be 

considered as orifices, usually rectangular in 
shape, with completely suppressed contrac¬ 
tion along the lower portion of the 
I^rimeter more or less suppressed contrac¬ 
tion at the sides and complete contraction 
at the upper portion. The problem is 
that of a submerged rectangular orifice. 


^Vhen the gate is raised somewhat 
above the floor and the width of the open¬ 
ing is not too great, marked contraction 
at the bottom of the orifice is produced. 
The value of C, coefficient of discharge, is 
then 0*63. As the gate rises, the bottom 
contraction had less effect, the coefficient C 
increases upto 0-85, hd is maximum when 
k is minimum and vice versa. 


Maim Stream 

Bank 



i 

Branch 


Bank 



Sill 


Sir John Benton gives C = 0-7201 + -0074 w in the formula 


Q = CA 'v'2ghd .^1* 

\V = width of gate ; and hd exceeds 0-5 ft. 


velocity of approach neglected. 

Discharge is submerged. 

A = wk, the area of the opening when the gate is raised. 
C = 0*63 if the discharge is not submerged. 


Example 12.—The following are the levels in 
which is 600 c. ft. per second. 

Floor of sluice.. 

Full supply level of canal (F. S. L.). 

Crest of raised weir . 


connection with the head-works of a canal, the full supply of 

.43*26 

’ . ".51-26 

... 51‘26 


Determine the number of vents or sluice openings, each 4 feet wide and 6 feet high which will be required 
the head sluice. 


lor 
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Weirs And Practical Cases Of Discharge From Large Orifices And Notches 


Let n be the number: 

A, the area of waterway = nX 6X4 = 24 n. 

The head h = 51-56— 51-26 = 0-3 feet, 

.Discharge Q = 600 = CA ^2gh = 0-8 X 24n 8 VO-3 : 

C = -80 

whence n = 7 


Example 13. If in the preceding example, the depth of water flowing over the raised weir, is 10 feet above 
the crest, find the height to which the shutters should be raised off the sill, to pass off 600 c. ft. per second. 

Let X be the height, 

A = 7X4xZ;h = (51-56 + 10) — 51-26 = 10-30 ft. 

Q = 600 = CA 'V2gh = 0-8 x 28 X X X 8 VlO-3 

X = 1-04 ft. 


Example 14.—A surplus sluice in a tank weir consists of 8 vents each 4 feet wide. When there is 9 feet 
of water on the sluice sill, find the discharge per second if the shutters are lifted 5 feet and the discharge taking place 

ID vilG £L1P« 

See article 31 .equation 15. 

Q =iCLyl-^ (bj-bj) L = 4 

= i X -62 X 4 X 8 ( 27 — 8) hj = 9 

h2 = 4 

= 251-2 cusecs through one vent. 

• ■. 8 X 251-2 = 2,010 cusecs through all vents. 

Fig. 42 


55. Affiux .—A visit to a 
road Bridge over a canal or a 
raised weir across a river will 
show that water heads up on the 
upstream side of the Bridge to 
produce an increase of head X 
called Afflux as shown in the 
sketch, to create an increased 
velocity Vj under the bridge to 
pass off the total discharge through 
the contracted water way of the 
bridge. The amount of afflux 
in most cases is small and can be 
approximately obtained from 
the formula 



7^rr777777 


Pi-NN 
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Practical Hydraulics And Its Applications 


X 



1 


..ridge The veloeity 'o, .pp,„.„h“v., 

The (lischMge „ constant nnder the bridge and onteide the bridge on both ridio. 
— '^Vi X bj d under the bridge ; C = 0*95 
= vbd. "I 

= v« X b (d + X) = velocity head due to velocity of approach V,. 

V, is due to head x + h, = ( T-f fa-, 

Moles Worth’s pocket-book page 334 gives 



ft 


lb 


Q 

also 

also 


V> 


68'6 


+ 0*05 



1 



a 


V 

A 

a 

X 


Natural velocity of canal. 
Natural water section. 

ater section under the bridge. 
Rise of water due to obstruction 


also velocity caused by any obstruction = 1*1 


a 


V. 


f difference of level betweea the b 

sS a of fhe river. The crest of the weir must be at rack a h 

^ i discharge jiasscs over the weir, the AflBux u not ao |pMt m to 

top the canal regulator or the training banks ujwtream of weir. 

and ( d^+X*^*^in*fig"42®°'^* “ submerged notch in article 36. h and h, in fig. 33 ®one-f*b 

width f”** *r*" “ ~*^n>ct«J aero, a river wliwk ha. la •awl • 

width of *00 feet, mean depth of t) feot and mean velocity of 5 feet per aecood. Find tha a«ai - 

See equation 32 



y» 

2g 


( 


Mb* 

bi* 
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OK 


64 


M X 


(r 


200 


X20 


)• 


1 


0 54 


opcm>7S.— A visit to a road bridge or a railway bridge aero* a m 
Will make the following remarks clear to the reader. 

The abutments and the piers of the bridge form an obstruction to tW tuw ^ 
river. The water heads up on the upstream side and forces lU wav tbroacti 
between the piers and abutments. These openings act as contractrJ chaMwb. 

The coefficient C may have any value from 0-5 to 0-9i5 being siuaUrsK wl 
openings are sharp and square (Specially when the water .section of the cootracted 

both vertically and laterally), greater if the angles are champhered and curved 
greater for large than for small openings. 

In figure 42. it will be seen that the waterway under the bridee 
section of the canal above it. 

This obstruction is measured by difference in the upstream and 
aiHerence is very often inconsiderable. 


lb 






than 



n« 
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Weirs And Practical Cases Of Discharge From Large Orifices And Ifoiches 


# 


‘ X ' the heading up is most likely to be considerable with high discharges. When the stream 
leaves the contracted channel, eddies and scour occur. 

The discharge coefficient C, mentioned above varies from 0*5 to 0*95 ; roughly for narrow 

openings, for square piers 0-6 ; obtuse angled 0*7 ; cmved and acute 0*8. For wide openings add 0*1 

{ Bellaei’s Hydraulics page 106 ). 

In the fig 42, discharge under the bridge, 

Q = CAj V 2gx .34. 

0*9 

* 

Area of water section under the 
Afflux in feet. 

Q = CAi *g^g(x + ha) .35. 

ha = head due to velocity of approach. 

In some cases, the width of the contracted channel has been constructed as equal to the 
bed width of the canal plus the full supply depth. The downstream part has been pitched to avoid 
Scouring, specially when the velocity is 5 feet per second or more. 

Some authorities consider a bridge opening equivalent to a submerged weir and they deal 
separately with the discharges through sluice and notch portions of the area. 

Example 16. —The country on each side of a railway embankment, which crosses low drainage line, is flooded. 

A water way of 25 feet discharges with depths of 6 feet on upper side and 4 feet on lower side. Estimate the 
discharge. 

Ai = Area of water way = 25 X 4 = 100 sq. feet. 

Head A = 6 — 4 = 2 feet 

Discharge Q = CAj V 2g X see formula 34. 

= 0*9 X 100 X 8 X *>/ 2 = 1,018 c. ft. per sec. 

Example 17.~Fmd the afflux produced in a 'river 200 ft. broad, having velocity of 5 miles per hour, when 
crossed by a bridge, having four spans with piers 6 feet wide. 

Four spans mean 3 piers; 3 X 6 = 18 ft. total width of piers; 200 — 18 = 182 ft. clear water wav = b. 

Velocity V = ~ gQ ^ = 7 • 30 ft. per second 

•width of River = 200 ft. = b 



When Va, velocity of 
approach is neglected. 



G 

A, 

X 


( 


M b* 


)- 


7-3* 
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(- 


X 200* 


182* 


1 ^ = 0*28 feet or 3 • 3 inches. 


See formula No. 32 : Afflux X = — . 

2g \ bj* 

k M 18.—A river, whose mean width is 50 feet, depth 10 feet and mean velocity 3 ft. per second, has a 

Dndge built across it. The piers and abutments are square and total width of water way in the bridge is 30 feet. 

Find the heading<up caused by the bridge:— 

Discharge Q = 50Xl0 x 3 = 1,500 cusecs. 

Water way in the bridge is 30 X 10 = 300 sq. feet. 

<1 = 1500 = C Aj Vj 

= water way in the bridge = 300 sq. ft. 


= 0-60 X 300 X Vj 
8 33 = Vj 

Since Vl = ^ 2gx 

J = 1 • 1 feet 

Velocity of approach being neglected, 
account, then by formula 35. 

= -V 2g ( X + ha 

= X + 1 I 

8-33= 8 V X 4- I 
A = 0-938 feet. 


A 


Vj = Velocity under the bridge. 
C =0-60 onlv because 


If velocity of approach (given as 3 ft. per second) be taken into 


ha = head due to velocity of approach 

= I- 
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Practical Hydraulics And Its Applications 


57. Backwater, —Fig. 42A 
shows a weir placed across a 
river of uniform width and uniform 
bed slope: X is the afflux in feet. 
Water heads up in front of the 
weir, overtops it and falls again 
in the river, the new water-surface 
touches the normal water-surface 
of the river at point D. Rom 
observations it has been found 
that the length of the back-water 
B D is given by the formula 


• Fig. 42 A 




R»ver Bed With Uniform WidtmS. Slope 


BD 


6 


36. 


= 1-5 to 1 •9a: cosec 
0 being surface fall. 

It may be noted that back-water conditions produce deposit of silt in front of the weir, if the 
water in the river is charged with silt. 

thpwni^il annually due to silt deposit, occasioned by the Barrage, largest in 

of the river have to be raised often at a great expense to prevent floods overtopping the banks. 

unifomi breadth and slope has a normal depth of water 2J feet and a faU of 2 feet 
per mile. Fmd the length of back-water caused by a weir which raises the surface by 3i feet. 

Length required = 1*5 a: cosec 0 


a: = ft. 
Cosec 0 = 


= f X y X- - — = 13,860 feet 

= 2*62 miles. 

58. Separating weir. —Fig. 43 
shows a separating weir as used for 
water supplies of towns or for drains; 
when the discharge in the drain is 
normal, water falls in the collecting 
drain D. 

During times of rain, discharge 
increases to depth h, the velocity 
increases and water sheet jumps across 
the opening and passes into the waste 
channel:— 

The mean velocity of the water 
sheet of depth h, when it leaves the 
small drain, is § V2gh : Let t be the 
time in seconds for the water sheet to 
jump across the distance X, then 


Fig. 43 



X 


§ 4 2gh X t : And if Y be the vertical fall 
2 

9x2 


16 h 


37 . 


This gives Y for any assigned values of x and h (Love’s Hydraulics) 
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Discharge Under Variable Head, Orifices And Sluices 



59. Modules. In some irrigation districts, the farmers are charged for water according to 
the area cultivated. In others, water is sold by volume and module is an apparatus employed to 

measure the quantity issued. In this case the cultivator has personal interest and does not waste 
water. 

When a distributary takes ofE from a canal, a wooden sluice moving vertically in grooves in 
masonry pillars regulates the supply. 

To secure a constant supply with a variable head the sluice is raised or lowered as required. 

Sometimes a notch with a gauge is built in masonry chamber, a little away from the sluice to 
measure the flow. 


In some places, a masonry chamber is built and a conical plug put in a hole and operated by 
a float which rises or falls according to the water level in the canal. When the water level in the 
canal rises, the float goes up, the plug goes down and the annular space between the plug and hole 
is shortened and the discharge is reduced vice versa. 

In Punjab in India, Mr. Kennedy, the Chief En^neer (1900) invented a module and used it 
freely on the canals. Later on Mj. Crump, an officer in the same department invented a module 
called ‘ Adjustable Proportionate Module ’ and used it in the Irrigation Department. Details are 
not given here as the matter will cover more than one dozen pages and several drawings. 


Paper No. 237 “ Improved Adjustable, Proportional modules and open flumes ” by Pandit 

K. R. Sharma, P.S.E., A.M.I.E. (India), an officer in Punjab Irrigation Department, was read before 

the Punjab Engineering Congress in 1940. Full particulars about this module and others by Kennedy, 

Gibbs and some more authors can be had from the Secretariat, Punjab Irrigation Department, Pakistan 
or Hindustan. 


Example 20.—A submerged weir, 10 feet long, has a depth of water on the upstream side, of 17 inches on 
the downstream side of 9 inches. The velocity of approach = 1.96 feet per second. Assuming the head equivalent 

V* 

to this velocity of approach to be given by h = 1.4 , determine the discharge in cubic feet per minute. 


Assume C = 0.592 

Answer 3,090 cubic feet per minute. 


CHAPTER IX. 


Discharge Under Variable Head, Orifices and Sluices. 


60. Free discharge from 
Prismatic vessels. 

The fig. No. 44 shows a pris¬ 
matic vessel full of water. When an 
Orifice is made on one side near its 
bottom, the water flows out with a 
velocity, V = VTgh. If a drop of 
water falls vertic^y through height 

h in t seconds, the velocity at point 
B is gt. 


Fig. 44. 

A 



v=9t=sr2?h 
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_ Practi cal Hydraulics And Its Applications 

ti, velocity IS directly proportional to the head. As the water in the vessel sinks down 

'“-fi ."r ^ ABC represent the velocities through the Orifices at different heii £ 

?n eful timS ^ ^ decreasing, so does the discharge, not by equal fmoL 

1 

The mean velocity through the time t seconds is — = ^ 

2 2 “ 2 

discharge through the orifice, when the head h decreases from h to zero, is half the 
discharge, which would take place in the same time under a constant head h. 

The mean velocity is ^ = ( 2g - ^ ^ ^ 

4 

It is evident that the mean head is , 

4 

* ^ or filling a vessel and filling one vessel from another. —In the figure 

44 article 60. Let A be the horizontal cross sectional area of the prismatic vessel; h is the maximum 
depth above the orifice at point B. 

Let t be the time required to empty the vessel or of change of head from h to 0. 

mean velocity through the orifice is \ V^gh. The mean discharge per second is 
caj V 2gh~ a being the area of the orifice in square feet and c being equal to 0*60. The whole dis¬ 
charge from the orifice in ‘ t ’ seconds = ca^ V'2^ X t cusecs. 

The contents of the vessel = whole discharge = Ah. 

2 Ah 

. t = -^ . . .38. 

ca -sTT^h) . 

This means that time ‘ t ’ is double that which would be required to discharge the same volume 
under a constant head ‘ h 

If the head diminishes from h to h^ in time t seconds, t can be found as under. 

Time from h to 0 is ——. .(m) 

ca ^ (2gh) . 

Time from h^ to 0 is — ^ ^ . .(“) 

ca A/ 72 ghi) ' ' 

2 Ah 

.* . (m) — ( n ) = time, t^ seconds, during which the head h diminishes to h^ = ^ — ^^(2^ 

2 Ah^ 2 A — ^_ 

-- — : ti = -^ — VFi ) . 

ca -^ 72 ^ ca 

If the discharge takes place through a pipe of cross sectional area a and length L feet and 

8A ^ 1 4-iliL V 

diameter d feet, then t^ =_\_ a J ( VhT — ... 

tt: d=^ 

f being 0*01 

If t^ is known, h or h^ can be found if the other is known. Thereafter volume A ( h h ) 
or discharge in t seconds can be known. 
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Discharge Under Variable Head, Orifices And Sluices 


If ha be an average head between h & h^, then t^ 


A ( h — hM 

ca ( 2gha )* 


•. V ha 


_^ 

2 ( V h 


hi 


Vhi) 


40 


average velocity between h and hi in time t\ that is, velocity which would, if it 
were umform during the time ti reduce the level in the tank to the same extent in the time. V is the 
velocity with head h. Va — KV, K being the factor which bears the value given below for difierent 


values of 


hi 


hi 

K 

h^ 

K 

hi 

K 

h 


h 


h 


•0 

•50 

•4 

•816 

•8 

•947 

•1 

•658 

-5 

•854 

•9 

•974 

•2 

•724 

*6 

•887 

1-0 

1-000 

•3 

•774 

•7 

•918 



The equation No. 40 is useful for canal locks. If in fimire 44 h^ is 7 Prn tKof u 
IS emptied down to the level of the orifice, then equation (40) becomes 


V ha 


Vh 


- or ha 


or mean head is ^ of h 


See the last line of article 60. 

The foUowing are ratios of >/h^ to for certain cases (Bellasis); 

for a prism or cylinder . j 

. ~2 

for a sphere . g 

. T 

for a hemisphere concave downwards . .5 

. T 

for a hemisphere concave upwards . g 

. . . 12 

for a cone with apex downwards . g 

. T 


for a cone with apex upwards . 

for a wedge with point downwards . 

for a wedge with point upwards . 

for a vessel whose vertical section is a parabola with vertex downwards 
(paraboloid of revolution) . 




• • 


when all vertical sections are the 


• • 


same 


» • • • 


In th. IM tt. nrt.cn tJi, « . ^ ^ 


16 

£ 

4 

3 


_3 

4 

J 


inverse 


“.to Se‘l‘rS“ S-eater than .ri.h head ha, in the 
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Practical Hydraulics Ami Its Applications 



Fig. 44 A 


Hemisphere vessel:—Radius = r : t (time) taken for 
water level to fall from li to h^ when the orifice of area ‘ a ’ sq. 
feet is opened at bottom. 



If the vessel b full at the commencement and is completely emptied, then h = r and = 0. 
Equation 40 A becomes 




/ 14 TC r? 

\ 15ca ( 2g)i 


40B. 


If the vessel is filled through an orifice in its bottom, from a tank in which the water remains 
level with the top of the vessel, the ratio of V hiT to is the same as for filling the vessel when 
inverted. Thus for a cylinder, prism, or sphere, the time for filling is the same as for emptying. 

If two prismatic vessels communicate by an orifice or a pipe, and h be the difference in the 
water levels of the vessels and A, & Aj their horizontal areas, the time which elapses before the wo 

heads become equal is 


2Ai ^ h 


ca 


2g 


(Ai +A 






...41 


This equation may be used 
for double locks. 


C 


a 


Coefficient 0*6 generally. 

Area of connecting pipe, length upto 25 times 
diameter. 


If the tank be full of water and a hole is made in its bottom and also there is constant inflow 
in the tank at its top,’ find the time required to empty the tank. 

= area of orifice in the bottom of the tank in sq. feet. 

= discharge do. do. in cusecs : Q = constant inflow in cusecs. 

= area of tank in plan : t, time required to raise or lower liquid surface between h* and 
given by the following formula. 


a 

q 

A 


2A 


K* 


[ Q log ( 


Q — K V 
Q — K 


+ K 




bi 


i 



41 A- 


K being = c a -V 2g and C being = 0’60. 
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Discharge Under Variable Head, Ch ifices And Sluices 



Example :— 

Find the coefficient of discharge, takin<^ g = 32* 

See formula No. 39. 


C = 


( 


2A 

k a (2g) i 

. (!5f-7 X -f 


/ *2 \2 ^ 

t(i 2) (2g) 



16 \i 

12 


) 





= 0-60. 


Example :— 

FM .to i'i/i''* ‘k' 

Equation 39 is 




ca (2g)i V 


hi^ ) : A = 3 X 3 = 9sq. feet 


C = 


8 


= -625 


270 = 


2X9 


625 X -0635 X 8 


( 


6 


h = 6 feet 

i u i 


):tx = 


270 seconds 


h,i = 

h 


1-972 feet 

3*89 : discharge required is A (h 
9 (6 — 3*89) =19 cusecs, 

62. Canal Locks, 


a — *0636 area of orifice in sq. feet. 


bi) 


Fig. 45 



Sluice Si 



«pi “ “ ““ 
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Practical Hydraulics And Its Applications 



"WTien the boat proceeds up the river, first it is admitted into the partly empty lock, the lower 
gates are closed, the sluice near the upper gate is opened and the lock is filled through the pipe. 

"NMien the water level is the same in the lock as in the upper part of the canal, the boat then 
proceeds up the canal. The process is reverse when the boat comes down the canal. 

(a) Time required to empty the lock : 

Let A be the area of water-surface in the lock- h = the depth from water surface of upper 
reach of canal to the centre of the sluice in the same reach, a and ai be areas of upper and lower 
sluice openings. H, called lift, is difierence of water-surface in the upper reach and lower reach of 
the canal. 


Close the upper gates and then open the lower sluice which is submerged, the head varying 
from H to 0. By equation 38, time required to empty the lock. 


2AH 
~ cal 

(6) To fill the lock : 

From the level of lower reach to the centre of the sluice in the upper reach, the depth is 
The orifice in the upper sluice discharges freely in the air. Equation 9 applies in this case. 






A(H —h) 


ca 


( 2gh)i 


C = 0-60 


From the centre of upper sluice to water level of upper reach, the depth is h ; now the upper 
sluice functions as a submerged orifice.^ 

The depth reduces from h to o. The time tg for this portion is given by the equation 
oo 2Ah 

38-to = - 


ca •V2gh 

Hence the total time t = ti + tg 


A(H + h) 


43. 


^ that 

Note :—If in the above case the head h reduces to h' i.e. not to zero, which means 

the water level rises only h — h^ feet, the time tg can be found by the equation No. 39. 

63. Discharge fro 7 n a prismatic vessel through a rectangular 7iotch. —Let t be the interval during 
which the head comes down from H to h, L be the length of the notch. 

A = area of the vessel. C = *62 for a thin plate and 0*577 for a broad crested weir 


3A / 1 1_\ .44. 

\^h- VHy/.. 

Example A Tank, the water spread of which is one-fourth of a square mile, is find 

long which discharges with a maximum depth of water 3 ft. on its crest; supposmg no water to enw 
the time in which surface will be lowered by one foot. 

This is the case of a big prismatic vessel discharging through a rectangular notch. See equation > 

^ ~ 5280 X 5280 weir 60 ft. 

4 

H = 3 feet; h = 2 ft. C = 0-58 


see equation 44. t = 

_ 3 X 5280 X 1320 
~ -68 X 60 X 8 

64*4 minutes. 


3A 

CL 

\ >/2 



-iw) 

seconds. 
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Discharge Under Variable Head, Orifices And Sluices 


64. Discharge from non-prismatic vessels. —If the discharging vessel is non-prismatic, the 

ratio of the time of emptjdng under a variable head to the time under constant (average) head is no 
longer uniform. 

Th^ the ratio for wedge-shaped vessels is IJ, that for a pyramidal vessel is U, the base 
of the wedge or pyramid being the water-surface. 

In the case of a paraboloid vessel, the ratio of the times is U or the same as that for a 
wedge-shaped vessel. 

1 ^ L uniformly varying. —Let the head over an orifice during time t vary from Hi to H<> 

and let the discharge in this time be Q. The mean head Ha (or equivalent head) is that which would, 
If maintained coi^tant during the time t, give the discharge Q. Let H vary uniformly that is by equal 

amounts in equal times, as for instance in the case of an orifice in the side of an open stream whose 
surface is rising or falling at a uniform rate. 



45. 


If Hg — 0 , that is, if the head varies uniformly 
from Hj to 0 or from o to Hj 


VHa = f 


46. 



Ansi —97; -643; -624. 


Ansi —97; -643; -624. 



Ansi —8* 


—8*18 ins. 



Ansi —2 mins. 30 secs. 



capable of discharging a maximum 


(A.M.I. Civil E.) 


Ans: —1*725 feet 
8 • 7 feet 
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Nomogram N^2 

Discharge of Sharp-Edged Weires 
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Practical Hydraulics And Its Applications 


CHAPTER X. 


Flow of Water in Pipes. Steady Motion. 

66. Fluid Friction .—A pipe is a channel, closed on all sides. Suppose a pipe is laid on ground 
with uniform slope. It is observed that when water enters the pipe, the velocity soon becomes 
uniform showing that the force due to gravity is exactly balanced by the resistance to motion offered 
by the inside boundaries of the pipe. 

The frictional resistance is governed by the following laws, which difier very considerably 
from those governing the friction between solid bodies. 

(i) The frictional resistance varies with the nature of solid surface but is independent of the 
pressure. 

(u) For large surfaces it is proportional to the area of the surfaces. 

(ill) For velocities greater than one inch a second, the amount of friction is proportional, 
very nearly, to the square of the velocity ; for velocities less than one inch a second, it is very nearly 
directly proportional to the velocity, also independent of nature of surface of contact, because then 
the motion of liquid is stream line flow. 

The velocity at which the flow changes from steady stream line flow to eddy flow is known as 
the critical velocity. 

Let f be the frictional resistance for an area of one square foot at a velocity of one foot per 
second, then for an area a, and velocity V, the resistance = f a V®, the value of f increasing with 
the roughness of the surface. 


If 




2gf 


R 


V- 


w 


w a 


, we have total resistance 


V2 


2g 


46A. 


® ... 
p. is then called coefl&cient of friction, usually determined by experiment. Thus for well painted iron 

p, = *0049. For incrusted C. I. pipes p. = *010. 

Some mathematicians have made very interesting experiments to find p, ; but these 
being elaborate, are not re-produced here. 

67. Velocity in Pipe .— Fig. 46 

Fig. 46 shows a pipe resting on a 
uniformly sloping ground. It 
takes ofi from a reservoir with 
water surface at a constant level 
with the top of the pipe. Let 
d be the diameter of the pipe in 
feet. L = the length of the pipe 
in feet, h = the fall of ^ound 

surface or axis of the pipe in . t 4 . n tLo nerimeter of the 

length L. A = area of the cross section of the pipe in sq^ feet. B = ^he wetted perime 

pill. The ends of the pipe are open and subject to atmospheric pressure only. There is only gr 

flow in the pipe. 

When the column of water moves in the pipe through length L against 
of the inside of the pipe, the accelerating force due to gravity is component of its weigh , 

parallel to the axis of the pipe or WAL or WAh. 
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Flow Of Water In Pipes, Steady Motion 


LB. 


The surface ofEering resistance to flow of water is the length X wetted perimeter of the pipe 


The total frictional resistance is equal to the total accelerating force : /LBV^ = WAL 


or = 


W 


/ 


B 


, f being 0*01 : approximately. 


By equation 46 A, 


W 


2g 


f 


1^ 


, \i being coefficient of friction : 


AREA 


B 


sine 0 = slope of the pipe, s; let 


W 


f 


Wetted Perimeter 
: C*, where C is a 


47. 


= Hydraulic radius called r : - 
coefficient. 

Then = C* rs or V = c Vli 

In the above case if the inside circumference of the pipe were to be spread out in a straight 

line, length 2iur, the depth of water will be feet, called hydraulic mean radius. Also the 
uniform slope of the ground or the pipe is called the Hydraulic gradient of the pipe and is 
equal to —j— (sine of the slope), denoted by the letter s. 

The velocity of water flowing along a pipe will vary at difierent points of the cross section, 
Its magmtude depending on the radius. The velocity at any radius may be measured with a pitot 

wlID6« 

It is found that velocity is maximum at centre and minimum at the circumference. 

The maximum velocity* is about 1-2 times the mean velocity. 

The mean velocity occurs at a point at a distance of 0-74 r from the centre, r being the radius 

of pipe. The velocity curve with diameter of pipe as a base is a semielipse according to some : others 
maintain that it is a parabola. 

Fig. 47 

Fig. 47 shows a 
pipe tal5ng off from a 
reservoir and discharging 
into another reservoir, 
the pressures at the two 
ends have to be taken into 
consideration as well. Let 
P^ and P‘^ be the pressures 
at two ends A B. The 
hydraulic gradient line is 
E F. The resultant 


pressure on the mass of iUIIII |||||||| 
water AB, resolved parallel 
to the axis of the pipe, is 


A (Pi-P2) or W A ^ 



since + h 


p2 


p2 X 

W J 


W A 



AV 


h* 


..{a) 


* For complete account of Reynold’s eiperimeiits on velocities, see Philosophical transactions 
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Practical Hydraulics And Its Applications 


The component of the weight of water in pipe A B, parallel to the axis of the pipe, is AVAh 
as before ... ’ 

( a ) + ( b ) = W A h^: this is equal to f L B or -^-^ rs . V = C V7 

_ f i3 Jj 

y 8 same as formula (47). 

68. EMrance head. —In the fig. 47, when the water enters the pipe, a portion of the initial 

. . . ^ y2 

pressure of the water is transformed into velocity and the pressure is reduced by-^— feet of water. 

The loss of head at entry into the pipe is independent of the length of the pipe and can 

be expressed by ( 1 + a ), where a represents the resistance of the entrance of the pipe, 

considered as an Orifice, discharging water at a Velocity of V feet per second, a varying from about 
0*06 for a pipe ^vith a bell-mouthed entry to 0-50 for a pipe projecting into the reservoir. 

V2 

In calculating the large syphon used on Punjab canals, it is usual to assume that loss at entry is 1-5 


W>L 



r77r77777Z!7777P7777 

69. Yirtucd line of slope or Hydraulic gradient. —Fig. 48 shows two reservoirs connected by 
a pipe line AB, of uniform diameter. When the water enters the pipe at point A, 

A IS reduced on account of loss due to “ Entrance head ”, see article 68. Thus E is the 

point. Join E F. If pressure columns on pipe A B are put up at points M & N, the 

rise to IVP and ; also the points and will lie on the line E F, discharge of water » 

place through the pipe line A B. 

The line E F is the hydraulic gradient. The difierence of level between the 
of the two reservoirs or the head lost due to friction in the pipe under discharge is ee 

distance apart is L feet: is the hydraulic gradient slope, which has nothing to do with the 

slope of the pipe line A m n B or the ground surface. 

In the equal parts of the length L, the falls in the line of gradient or losses of head by friction 
are equal. 
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Flow Of Water In Pipes, Sternly Motion 


Sometimes the length of the pipe line A B is so great that the loss of head at the entrance is 
neglected, and the length of the mouthpiece is also neglected. The actual position of the pipes is 
of no consequence: the virtual slopes of the pipes A B and Ai Bi are all equal, provided the pipes 
are of the same diameter, roughness and lengths. 

The pressure on the virtual slope line E m^ n^ F is the same throughout and equal to 
atmospheric pressure only. 

If the pipe line takes the course A 2 R B 2 and the point R is at a height not more than 34 feet 
above the virtual slope line E F, then the pressure inside the pipe at point R is less than atmospheric 
pressure, the pipes are in the condition of a partial syphon. At such a point in practice, the air 
may be disengaged from the water and the flow retarded, the line of hydraulic gradient being shifted 
to something like line DR, and the pipes R Bg running only partly full. 

If the height of the point R above the line Em^ n^ F be more than 34 feet, the pressure inside 
the pipe becomes negative and flow impossible. The above holds good specially if water in the 
reservoirs is subjected only to atmospheric pressure. But if the reservoir P has an airtight roof, 
and compressed air is introduced in it, the hydraulic gradient line will move up, over and above the 
point R; then the flow through the pipe at R will be full. Otherwise an air valve should be intro- 

duced at the point R to allow the air bubbles to escape. The best thing is to avoid the course 

A| R B 2 > 


If the pipes take the course Ag R^ Bg and if the water level in the reservoir Q is at point B 3 
^ that the pressure at B^ is only atmospheric pressure, then the hydraulic gradient lines will be 
and R^ B 3 and not a straight line from point E to B®. 


This is the case with the gravitating main, for Simla Water Supply Scheme, from 
town on Hindustan-Tibet road running along the ridge and hill side towards Simla. 


a small reservoir at Kufreo 


In the above it would be seen that h feet is the loss of head' in Length L feet. In half the 

length, it would be — and at any point along the length L, it would be in proportion to the distance 

froin the reservoir P. The corresponding point on the pipe line A B would be the point immediatelv 
vertically below the point on length L. ^ 


For town water supplies, the pipes are generally laid in very long lines and the Hydraulic 
gradient lines are only approximate, specially when the discharges vary so many times in a day. 



















Practical llyrlrQnlits lu A^9twi 


Ijot A BC bo a pif)o line, laid on an uneven ffround aurfaoe, cottaecita^ iwm rvMrvwn 
H L is the Hydraulic gradient line, the water will loae energy at unifom rate while tawi^ 

Energy lost in overcoming frictional reautance la expreuacd in feet ol watar aad m I 
head lost in friction ; in the above sketch, it is difference of level between If and L 


section 



I 


that Rcction will be . HL is the pressure energy line. 


Slojie of Hydraulic gradient 
projection of the pipe line. 


difference of level between pointa If and L, davided by the 



The vertical linea a and b represent the pressure energy in ike pipe at ikoae pstais and i 
atinospherio pressure. The highest point of the pipe ia B; here tW wswaw easr g y m k 
atmospheric and the least. If the abiwlute pressure at B ia Umm tkaa 8 IsK ad watae, ■ alha 
26 feet vacuum, in other words point B is 26 feet above Hvdraulic gradieat tiae, tka vaier tmm 
to va]>oriBe, and large bubbles will stop flow of water. 

The pi{)e at B. though below the water level at If, will art portly as a typkao Bi 
should not lay their pipes more than 26 feet above tke Hydraalir gradieaa liae, paikrahly 
below that line : 


Fi|. 48 B 



D 


Datum _Lii>*£ 


In the above sketch, a be d is a wpe Uae al varyiag 
DD * a datum line, Mark at b, c, d, tae kwses al kead 
scale as the hgure ; at any point ol Ike pipe line, tke 
velocity heaii and pressure head. The top ptmats al 



If Vi, V, are velocitiee ol Bc»w la ptpe 
into account. 


ak hr,rd,tke 







Flolo Of Water In Pipes. Steady Motion 


friction 


V ^ 

At a, a loss due to entrance to pipe = 0-5 —through the line ab, a uniform loss due to 
4flV “ 

■ (see formula 52A): f being -01 approximately. At b, a loss due to sudden 


2gd 


contraction 


5V,^ 


2g 


; through the line be, a uniform loss (due to friction). At C, a loss 


due to sudden enlargement 


(V, - V3 Y 


2g 


— . Along line c D, a uniform loss due to friction. 


At D, a loss due to velocity head being destroyed. 

The sum of all three losses will equal the difference of level between the water surfaces in the 
reservoirs R and R^. 


If the velocity head is deducted from the total energy line, the Hydraulic gradient line will 
be obtained because it represents the pressure heads of water above the centre line of the pipe line. 

Thus total energy above datum line — ( velocity head ) = Pressure head above centre line 
of pipe. 


V, 


; b and c 


VA 


: c and d 




Velocity head between a and b = „ _ 

2g 2g 2g 

If the diameter of pipes be is much smaller than that of cd, the velocity Vj will be greater than V,. 
Hence the Hydraulic gradient of be will be lower than that of cd. 


70. Coefficients.—In article 67, equation 47 gives V = C >| r V e. This formula is due to Chezy.* 
We will now consider the values of C. These for pipes are not well known. For smooth pipes the 
value of C is great. When the inside surface of the pipe gets incrusted due to heavy water or imperfect 
coating, the value of C is low. In a wooden pipe, C may be reduced by organic gro^vth. 

For town water-supply of Lahore, a 4' CJ. pipe was found after thirty years’ use, by the writer 
mcrusted to the extent of J' all round, leaving the bore 2^" for the discharge of the water. ’ 

Several experimenters Darey, Smith, Fanning and others have found that value of C increases 
with both r and s. The following statement, due to Bellasis gives an abstract of mean coefficients 
found by Smith and Fanning for cast-iron pipes or riveted sheet iron or steel pipes, all supposed to 
be coated with antirust paint, joints smooth and curves of easy radii. 

Taking the value of C from this table, V can be found. 


Hydraulic Radius. 


Hydraulic Gradients. 


Feet. 


1 


10 


1 


100 


1000 


10,000 


1 * 0 
0-25 
0*10 


120 

107 


143 

113 

101 


135 

104 

96 


131 

100 


7y 


Kutter’s coefBcients, see article No. 97 are not very suitable for pipes; C remainins unaltered when ‘ « > fo 
^^sed above 1 in 1000. They give too low velocities for small pipes and too high velocities for large pipes with 
small slopes. How ever many engmeers adopt Kutter’s formula for calculating discharges through pipj. ^ ^ 

* De Chezy, a French Mathematician of High Order. 
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P}actical Hydraulics And Its Applications 


5- 65: 


If roughne^ of a galvanized iron pipe be taken as 1. that of other surfaces is approximately as follows - 
Co7crrPiS^l';To‘r6.fcough New Woodstave pip. 

Southern Pacific Railroad Co. V = c V r -VsT 


Particulars of Pipes 

8' Plain pipe conveying oil 

P‘-P® conveying 90 per cent oil and io per cent water 
8 Rifled pipe conveying 90 per cent oil and 10 per cent water 
8^ Pipe conveying water only .. 

3' Plain pipe conveying oil 

P'-P® con'^eying 90 per cent oil and 16 per cent water 
3 Rifled pipe conve 3 ring water only 

f, in Formula 52A for Plain W. 1. Pipes : Vel. 2 to 10 : D 3^ to 60^ = -00612 to *00262 

71. Discharge through pipes ,—For rough calculations for discharges through water mains, 
some engineers take C as 78. In that case 

V = C VT 


Value of C. 

5-46 

7-11 

65 

113 

3-76 

79 

100 


V 8 


78 V 


49. 


=39 Vd~ . 

r = Hydraulic radius, 
s = Sine of slope, 
d = Diameter of Pipe. 

The number of formulae that have been proposed from time to time for calculating the flow 
of water in pipes is legion, but there seems, no doubt, that the formulae of old investigators are not 
quite correct. It is generally recognised that probably the most accurate formulae hitherto proposed 
are those of Fanning* in his exhaustive book on waterworks engineering. 

Recently Professor Unwin has thoroughly gone into results of modern investigations by 
Fanning, Smith, Bonn, Lampe, Steams as well as the older researches of Darcy and Chezy. 

Unwin adopts the general formula : 

h m V“ / , , . \ 

f foot second-units J . 

\\ here h is the head, L the length of the pipe, d the diameter of the pipe, V the velocity of 
flow, m, X, n, are numerical coeflfleients. 

The coefficient ‘ m ’ depends on the nature of the surface of the pipe while ‘ x ’ and ‘ n ’ are 
exponents of the diameter and velocity respectively. 

Professor Unwin gives the following values of the coefficients for foot-second units. 


Professor 


50. 


Kind of pipe. 


m 


n 


Wrought iron 
Asphalted iron .. 
Riveted iron 
New cast-iron 
Incrusted cast-iron 


•0226 1-21 1-70 
•0254 1-127 l*8o 
•0260 1-39 1-8" 
•0215 1 168 l-9o 
. 044 1-16 2- 0 



Formula for discharge through incrusted pipes from the values of coefficients given in the above 
table is as under :— 

h 0-(>44 V2 61 

L — ®— Di-w 2g . . 

♦ 4n eminent Hydraulic Engineer of New York (1900). 























































Flow Of Water In Pipes, Steady Motion 


A nomogram No. 3 showing discharges of incrusted pipes, prepared by C. L. T. Grifi&th on the 
basis of the above formula is given among the graphs attached to this book ; Fig. 61A. In the 
P. W. D. Handbook, Bombay, Vol. II, Eighth Edition (1931), on page 752, a formula by Hazen 
and William is given for discharge through pipes with Q = 90 for incrusted pi].)es. 

The formula is as under :— 


0rO-63xsO'5^ X (-001)“ 

C = 90. 


52, 


Tables showing discharges for different diameters of pipes for different values of s are also 
given in the said handbook. The results nearly agree with readings on nomogram No. 3, Fig. 61A, 
which has been worked out on the basis of Unwin’s formula. 

If by calculations, the diameter of a pipe for a given discharge and given slope, works out to 
11 inches the nearest market size 12" is to be adopted and so on. There is a limit to this also. While 
calculating discharges through pipes, the following limiting values of velocity are to be borne in mind. 


Diameter in inches 


8 


12 


15 


24 


36 


Maximum velocity in feet per second 


• ♦ 


2-5 


3-0 


3-5 


4-0 


5-5 


6"5 


under : 


P. \\. D. Handbook, Bombay Vol. II (1931), page 597 treats the flow of water in pipes as 

» 

If V be the velocity in feet per second through pipe L Ft. long, the head h, absorbed in over¬ 
coming friction is, h = 4itL X ^ ( Darcy ).52A. 

R == mean hydraulic radius : D = Diameter of Pipe : a = CoefScient of roughness of the inside surface 
01 pipe, * 


= -005 f 1 


12D 


) 


(^ +w ) 


— ’OIOS or '01 nearly 
= '0026 for varnished surface. 



2g 


)J( 


R 


C V R -^8 where C 


4( 


2g 


IJ- 


For rough and trial calculations C, may be taken as 78 and D = • 2545 


Q 


...52B. 

U T^l •jtt • 


= K 


V1.75 


(J 1.25 » ^ in service = *000417. 


^ ^ ^Fo^sted riveted ^ several rmles long for Bombay water-supply, the formula 

ra?gTdiimeters “ observations by Hershel and Marx for riveS steff pipes S 


* See Proceedings of I. of E. (India), Vol. VII, December 1907. Tansa Water-works, Bombay. 
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Practical Hydraulics And Its Applications 


Short p^es. See ^icle 22 and 25. In short pipes the head required to produce velocity 
t^ contraction at entry must be taken into account. Article 68 deals with th^ 
part of the case, men the length of the pipe is not very great, the velocity may he high, the co- 
^cient of ^clmrge (C) may ^ outeide the range of experimental data and its value then can only 
be estiinated. For c^es in which the length of the pipes is not more than 100*timssd,thediameter 
of the pipe, the length may be treated as a short tube and velocity through the tube is V = C 
C being taken from the article 25 as appropriate in the case. ® 

The actual velocity may also be calculated as under :— 

The velocity and therefore the discharge is proportional to hi To find the velocity V in 
a given time, assume the velocity as Vj, estimate the heads required {i} to produce V, and (»)to 
overcome resistance at entry and sum these heads, then 

V _ I / Actual head \ 

Vi \ Estimated heads/ .. 

Example. .-—Find the discharge of a 12 inch pipe, 15 ft. long with a head of 4 feet, assuming the velocity to 
be 10 feet per second. » © ^ 

See equation 49. 

V = 39 V ds V® = 392 ds. Vj = 10 ft, per second assumed. 

h 


10* = 39* ds.: Length of pipe =15 feet: 

h 


s = 


15 


10* = 39* X 1 X 


15 


^ — 0*99 ft., head required to produce Vj, velocity to overcome resistance due to fric 


tion in pipes. Let hj be the head to overcome resistance at entry and to generate the velocity at start, 

V* 

1 + a ) —o::— > a being 0-5; V = Vj assumed. 


h, = 1-5 


V* 


2g 


2g 


hj = 2*34 feet. 


= 10 ft./sec. 


b -}- hj — 0*99 4" 2*34 — 3*33 feet, total head for velocity 10 feet per second. 

V r Actual head 1 J 


We have seen above (equation 53) that 


Vi 


{ 


Estimated head 


} 


V the actual velocity 



10*95 ft. per second. 


Discharge Q = area of the pipe X v 


22 


X J X 10*95 = 8-6 cubic feet per second 


If the entry is bell-mouthed, the coefficient of discharge for the orifice may be as high as 0*97, 

V* 

so that hi = 1*06 

2g 

If h be the head required to maintain V actual velocity, then h = H r (equation 52A: 

also P. W. D. Handbook, Bombay, page 595): If hi be the head required to overcome resistance 


at entry and generate velocity at start, then hj = 1*5 


V* 


2gHd 


I 


2g 


for cylindrical entry as given above. 


l-5d + 4 |jlL 
d = diameter of Pipe : 


Bellasis 


54. 


01 ( 1 + 


12 


) 


H 


h + hi : L = Length : ml 


005 I 1 + 


12 


) 


* Head of Water 100 ft. : Diameter of Pipe 1 ft. : Length of Pipe 100 ft. : Vel. = 43 F/S : 1,000 ft.» V l"^ 
F/S : 10.000 ft., V = 4*4 F/S. 
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Fig. 49 


Flow Of Water In Pipes. Steady Motion 


T. -ITT Bends, etc .:—See Bombay 

P.W.D. Handbook, page 595. 

(i) Elbows. —Loss of head = ( i sin 

2g 

The loss is due to contraction in the stream, as shown 
in Fig. 49. 




(it) Bends. Loss of head due to a bend is given by the following Weisbacb’s formula. 

d \ I 1 V2 

^ , d being diameter of pipe and p being radius of bend_55 


0-13— 1 


2p 



(See Table, Bombay P.W.D. Handbook, Page 596). 

of C J Pocket-book. 29th edition. 1927 and proceedings of the American Society 

sufficient The toTaTtal^Xlf 

contingencies and neglect the detailed calculations for resistances in bends 

(lii) Loss of hmd in enlargements :-li J and V, be the velocities in the small and large por¬ 
tions of the pipe, the loss of head h = ^ ' 

2g 

If d and di be the diameters of smaller and larger portions of the pipe, loss of head 


2g 



-1 



.56. 


See Fig. 14 : article 12. 

IV. Loss of head in contractions .—This is equal to ^ ^ _i ^ 

Where Cc = Coefficient of contraction = 0*6 in this case 

V2 


57. 


^ ■ I" ‘»"8 fte length ol the pipe li»e i, greater than 1,000 diameters 

^pi,«, Uper pieces are ased, and at aaglea in pipe"lines easy beSs”rf 


V. Parallel flow through 
pipes. Two pipes branch 
9ff from point A :— 

The following principles 
nold good. 

Q = Qi + Qa or d® X V = 

Vi + d.i V, 

Head h-h* = head absorbed in 
friction through pipe dj 

~ head absorbed in fric¬ 
tion through pipe d,. 


Fig. 49 A 



dr’' 


Pipe 




Q V 


A 



Pipe 
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Practical Hydraulics And Its Applications 


While designing a new pipe system, if the quantities Qi and vary, then design the 
diameters dj and d, in such a way that the pressure head hi and hj are equal nearly. 

If the pipe system is already in service and full of water, then fix temporarily hydraulic pressure 
gauges at points B and C, and ascertain hi and hj and also h ; thus find Vi and Va and discharges. 

74. /»dina/ion and combination of pipes,—In practice pipes must follow the surface slope 
of the ground in which they are laid and must therefore be in segments laid at various slopes. 

Suppose 

(i\ The diameter of the pipe is uniform throughout and a given discharge is requked at the 
end of the pipe and also this discharge is uniform throughout the pipe. In this cmc the virtual 
slope is prarti^ly a straight line whatever be the slopes of the different segments of the pipe line. 


The discharge Q = A X \ 


ud* 


X C 


J4J 


TC 


8 


dff s 


If L be the total length of the pipe line, and H the total head lost, then S 

be seen that Q varies as d^ si : 

1 


H 


It will 


si vanes as 


H 


d3 


or s varies as 


d^ 


or 


vanes as 


1 XT • ^ 

— or H varies as 


58. 


Fig. 50 



(ii) If the course 
of a pipe line is fixed and 
the discharge is also fixed, 
the pipe line may be divid¬ 
ed into segments ah, be, 
and cd, of Afferent lengths 
and different slopes, the 
pipes will be laid about 
3 feet below the ground 
surface, as shown in the 

figureNo.50. Ifthehydrau- , , . , • v accordingly, 

Uc gradient line be assumed one line from a to d and sizes of pipes c^cida , the pip« 

will be an air-lock at point b as air will collect at b and the ppe will not run t , d 

at b will be above the supposed hydraulic gradient line ad. This is ters of pipes and 

mark t^hydraulic grades ab, be, cd as shown by dash and a point <iotted 1 ^ 

Thus the hydraulic grade line will start from a to b, thence b to c and thence 
the segment of the pipe line ends. This is the proper way. surface 

When the diameter of the pipe ab is fixed for discharge and for slope of the groun 

1 

ab, the diameter of the lines be and cd can be found out because s varies as -gg 


8. 


8 


d» 

d‘, 


.“• 


of the 


If the vertical difference between points b and c is very great and ^Afet^-piessui® 

pipe line being burst due to abnormal pressure, then introduce break-pressure valves 

tanks. service tank to tk' 

For Simla water supply such tanks were designed on the gravitating main from Kufree se 
Simla town by the writer in 1910. 
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Flow Of Water In Pipes. Steady Motion 


fenerally there is a sluice valve at point a to regulate the supply of the water to the eravitatinp 

C’^t%hrMinT''The tie.FPe just below the sluice valve. lUs likely that the pipf Ly 
pS h. ^ Therefore an air valve is absolutely necessary just below the sluice valve above 

ezception tha^tTe conditions are similar to those of case No. if, with the 

servK^es. This is the c^e of a water-supply distribution system for a town. Ind^d this is a verv 
isTeneSly 40 50 feet ?o if'f'iJa sub-branch near a building in a large towl 

the city ^ varying with the heights of^buildings^in the town or 


in flio 5*®’ ^ distribution system of cast iron pipes for an ordinary town, 

in the elevated reservoir, bmlt on a hill or on a high stagng. 

Fig. 51 


Water is pumped 


M pumping 



VAT ED Serv^ . E 
tSERVOiR 



BR^NCH 


T£PM\NAL PQllsiT 


ihe population of the town is known by districts or wards and i'r 4 i. 

served by street branch and for all sub-mains and mainq Tha oil determined for each area 

person per day varies from 10 gallons to 30 and 40 and sometimes 60 

importance of the town or the city, sometimes 60 and more, depending upon the 

had pf«“K ‘ayifTo"^Tk* ‘-minal 
pointi 1^0. Th/w«„;“ei °.Iy So *.! 

for overcoming resistance in the chief gravitatine main and b^nnlf • ^ available 
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Practical Hydraulics And Its Applications 


The main from point D to the elevated tank is to carry supply for the whole town. Thus 
calculate the sizes of the pipes from point to point according to the required discharges, keeping in 
mind that 40 feet only is the available head to be distributed from point to point economically. 

The above is the usual way to work out the distribution system. The writer had had experience 
of designing and examining several water-supply distribution systems. It was found that in practice 
the system does not work fully as designed. The water taps on or near the chief gravitating main 
draw more water due to high pressure than their allotted quotas, and the taps furthest from the point 
D, into the streets supply less water than anticipated. Sometimes, the taps due to high pressure 
discharge water in abnormal quantities and empty the service reservoir too soon (Ahmedabad city 
water-supply distribution system 1931). 

The remedy lies in designing terminal branches never less than 3 inches to 4 inches in diameters. 

Two inch cast iron mains were used in terminal streets at Iskhel in Punjab, resulting in poor or no supply 
to the people in the street. 

At Ahmedabad, to supply water on upper storeys of houses in the city, an elevated tank was built in Ram- 
baugh (1930). The tank was built so high up in the air that the pressure at the stand-posts in the streets was so 
great that the abnormal discharge of water from the taps emptied the tank within 3 hours in the morning and there 
was no supply to the people after 9-0 a.m. The President of the Municipality advertised for advices from engineers 
in the market to remedy the bad state of affairs in the distribution system. 

It will be seen that discharges of water in mains in towns form a very difficult problem. When 
the pipes exist in streets and carry water-supplies, hydraulic pressure gauges should be put up at 
difierent points and pressures read at different times during supply hours. But if the distribution 
system is to be newly designed, experienced engineers should be considted. 

Allowance for incrustation of pipes should always be made, say one inch addition to the 
diameter calculated. 

For pumping mains of long lengths, additional investment for a large pipe should be balanced 
against the extra cost of pumping through a small pipe when incrusted. In such a case, the rate o 
interest expected and the cost of pump horse-power per year, actually determine the case. 

Velocities should be kept under 4 feet per second to avoid bursting of mains due to water 
hammer. 


75. Pipes not running full .—When the pipe lies on ground 
and there is gravity flow in the pipe, which is not under any 
pressure head, the pipe is said to lie on its own virtual slope or 
the hydraulic gradient has the same inclination as the ground on 
which the pipe is laid. 


In this case, the Hydraulic mean radius is not 


d 

4 


but is 



and B the length of wetted arc. 


Fig. 52 





being the area of water sectio 


The discharge Q varies as 



and is maximum when the angle 


C 0 D is 54 degrees. 
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Flow Of Water In Pipes, Steady Motion 


Fig. 53 



76. Sifphon.~\a its simplent form a syphon conaistB of an inverted U tube both lera 
being full of water as shown in fig. M. ’ ^ 

** emptied or water is to be drawn from a canal where 

Byphon works, a column of water enters the leg CD travels alon» np 
and falls down the tube EF, creates vacuum and the flow becomes ^ntinuo^ ® 

The difference of level between points C and F is h. The atmospheric preasure at C and D 
IS the same, equal to height in water barometer 34 feet. When vacuum is created in the svnhon 
IS the atmospheric pr^i^ that forces up water in the leg CD. Set-off CH and FG each M feet 
o represent the ^mospheric pressures. HG is the imaginary Hydraulic gradient line’and h is the 
difference of level between the two poinU H and G, equal to the difference between C and F 

To start the s^hon. the tube CDEF must be filled with water through an inlet at E and 

iTthe “ * K® Ab soon as vacuum is whoU^r^rtly created 

^sj^hon DE IS so pla^ or u so hi^ that it Ues above the line HG, which Lins if the legs CD 
not woL ^ incomplete vacuum in the crest DE and the syphon 


K"Hr' “ -,1 

aircock wit^ inTdertlTi f^iLw^Llyte* mbtah.^“ 
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Practical Hydraulics A nd Its Applications 


First 




to 


* for cylindric entry. Second item is the loss of head in bends. Third item is the loss of head 


by friction in the whole pipe of length L. This 


2gHd 


i 


^ See equation 54 ^ 


4fLVa 

2gd' 


(equation 52A). 


5 d + 4 fL 

The sum of all these three losses of head should not exceed the available head ‘ h * as shown 
in fig. 53. 

The above calculations can approximately be solved by equation 49 article 70, whose S here 
equals ^ , L being the overall length of the syphon tube. 

Due to air particles being contained in water, the water barometer reading 34 feet is generally 
taken as 28 feet in calculations. 

In the fig. 53, it is evident that shorter the leg CD and the smaller the length of the crest 
DE, less the amount of vacuum to be created. The crest DE should not be so long as to touch the 
imaginary Hydraulic-grade line HG. 

There is a case when the water-level in the tank is just at the top of the weir and is to be 
retained as maximum, any further rise in the water-level will cause surplus discharge into the pipe 
DEF, which will function as syphon spill away with a greater discharge for a given length than an 
ordinary open weir because we utilize this whole difference of head between points E and F. The 
discharge then Q = C a >/ 2gh^: a being the area of the syphon pipe and h^ being the height EF, 
C being the coefficient of discharge to be determined by test. Such spillway syphons can be of 
different sizes and fixed at different heights of the Dam and serve as substitutes for the weir. 

For Jamshedpur water-supply, a syphon spillway has been put up at the end of a stora^ 
dam to dispose of surplus water during heavy rains. This reduces the flood lift and increases the 
storage. This particular design gives a high coefficient of discharge. 

Sometimes as at Indore, a baby syphon is put up to prime the main syphon easily. 

Example :—Estimate the discharge of a syphon 3'-6' in diameter and 240 feet long, the difference of water- 
levels being 12 feet. 

Assume the velocity to be 10 feet per second. By equation 49, article 70, 

h 


V = 39 ds d = 3i feet 


8 = 


240 


, h being the head lost to overcome friction in the syphon. 


Then 10* = 39* X 3J X 


240 


h = 


100 X ^0 ^ ^ =4-61 feet. 

1521 X 7 

l-SV^ 3 100 

h| = head lost at entry — - 


2g ~ 2 X 64 

Total estimated head h -f- hj = 6 • 86 feet but actual head is 12 feet. 

>IT2 

See equation 53. 


= 2*34 ft. 


• « 


actual velocity = 10 


V6-85 


= 13*23 feet per second. 


DischarS® — A x V 

equation 54. 




(3^)* X 13-23 


127 cusecs. For 


ore correct solution, 
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Flow Of Water In Pipes. Steady Motion 


Fig. 54 


77. Semi-syphon. —Fig. 54 shows an 
arrangement, put up by the writer at Kilokree 
sewage pumping station to take out sludge from a 
settling tank. A 9" cast-iron pipe working under a 
head h feet (about 6 feet) discharges out the sludge 
from the bottom of the settling tank when the 
sluice value outside the tank is opened. 



a.s 


a day. 


Thus the settling tank is kept clear of the sludge by opening the sluice valve once or twice 


Fig. 55 


IMVERTED SVPHQN 


78. Inverted syphon .— 
The loss of head through 
the barrel of a syphon, where 
there is no velocity of 
approach, may be calculated 
by the formula, 







V2 

2g 


60. 


(Bombay P. W. D. Handbook, vol. II, page 697). 

Coefficient fj may be taken as 0-8 for a bell-mouthed syphon and 0-505 for a cylindrical mouth 
Coefficient fj is = 


a 


1 + 


where the value of a and b are to be taken as follows : 


InnefT surface of barrel 

Smooth iron pipes 
Incrusted iron pipes 
Smooth cement or planed timber 
Ashlar, brickwork or planks 
Rubble masonry or stone pitching 


• • 


a 

b 

•00497 

-021 

•00996 

-021 

•00316 

0- 10 

•00401 

0- 23 

•00507 

0- 82 






1 + fl + 

r 



8-025 -J 



1 + fl + f 



61 


bends ^c ^ velocity of approach, it should be neglected 
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Practical Hydraulics And Its Applications 


When a canal has to cross another canal or a railway line or a road, the above arraneement 
as shown in fig. 55 is generally adopted. ® 

o . details, the engineer is advised to refer to detailed drawings in record with P W D 

oecretanat Umces of difEerent provinces in India. ‘ ’ 


JPfPE 


Fig. 55A 


WATER SORf=ACE. 


Canal 


Valv | ^ 







79. Hydrostat. —Fig. 55A shows an arrangement on Chenab canal in Punjab for lifting rain 
water from low lands and delivering the same to high lands for irrigating crops or watering fruit 
trees. 


There is a fall in the bed of the canal. An iron pipe is fi^ed at one end of the fall and water 
allowed to fall through this pipe. A pipe of smaller diameter connects this main pipe and the 
of water in the low land. As the water falls through the main pipe, Torricelli’s* * vacuum is created 
in the small pipe and water, due to atmospheric pressure, rushes into the small pipe. If a 
the branch pipe, leading to cultivated lands, is opened, the water flows on to the land, provided toe 
difference of level between the valve and the water surface in the pond is less than 34 feet. 


For further details, reference to be made to Punjab P. W. D. Secretariat, Irrigation Branch, Lahore. 

80. Branched main supplying two or more service reservoirs .—Case 1. Uniform mam 
uniform discharge. Suppose two reservoirs R and exist and a water main of umform 
carries water (quantity Q) from R to R^. It is proposed to build a reservoir at point R| 
it with water (quantity Qi), by a branch taking off at point J from main pipe, leaving quantity i 
for reservoir R^, Qg being Q — Qi* _^ 

■ ^ ~ • A43 • 

* Torricelli, an Italian evangelist (1608-1647) : Galileo’s pupil at Florence : invented Barometer m 

Improved Telescope and Microscope. 
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Flow Of Water In Fifes. Steady Motion 


Fig. 56 


R 



r.1 ^ain is carr^ng quantity Q, note the pressure at J by a hydraulic gauge 

and plot It by a ver^^l line JK. The pressure gauge reading should equal the height JK arrived 
hvH ^ calculation. RK is the hydraidic grade line for discharge Q through main RJ. KRj is the 
hydraulic ^ade line for discharge Q, through the branch ; as Qi is known tL diameter of the branch 
can easily be ascertained vux versa. The point R, must be at a lower level than the point K. 

part JR, is of the same diameter as the upper part RJ of the main pipe line It 
must now discharge only Q — Q, quantity and not Q as before, under the same conditioi^ 

on .Ko I"" valve on the main line just below the point J and a sluice valve 

reserroir^^'^^ discharges to R, and Rj, which can also be gauged in the 

Case II .—A main bifurcating into two branches. 

5^' f ’ propped main and JR, and JR, are the proposed branches 

diameters of the pipe line are to be calculated. ^ - Oi + O 2 • The 

calculate the hydraulic grade line RK. The noint K 
must be higher than the points R^ and R,. Otherwise assume another diamete^or the ^rR^ 

KR, are known ; from these calculate the diameters of the lines JR, and JR,. ^ “ 

.or Rj^v^iu JLT-r 

"" 
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81. Jet and a Nozzle :■ 


Practical Hydraulics And Its Applications 



A 


Fig. 57 



B 


I 

I 


\ 



C 


^7777777777^:;^^ 


/FTTTTm 


Hosfe 



Pig, hl'B: 

h = actual head 

hr „ ^ , 

coemcient of resistance : C 


he = efEective head, h — he = hr = head wasted in overcoming resistance 


he 


Or 


coef. of vel. 


V = Cv V 2gh = 2ghe 


62. 


V being actual velocity : Cv being coefficient of velocity, varying from 0*995 to 0*70. d = diameter 
of jet. 

The velocity of water threads issuing in a jet, is as if the particle of water fell through height 
h, friction being neglected. Jet is formed because the water issues from a small orifice under pressure, 
as in the case of an ornamental fountain or a fire engine. 

In order that a jet supplied by a pipe may ascend to the greatest height, the orifice should 
be fitted with a piece of hose, having a nozzle at the other end. The nozzle is a device invented to 
convert the total head of the water into velocity head. It is also used in some form of turbmes. 
The psessure of the jet issuing from the nozzle is atmospheric and therefore the whole of energy w 
Blinetic. The loss of head in the nozzle is very small and therefore neglected. 

The nozzle should be a conical convergent piece of pipe because it gives a high coefficient o 
velocity. The diameter of the hose pipe (fig. 57C) should be 3 times d, the diameter of the orince. 

V* f 

The actual height to which the jet rises, he = — . Allowing for correction due to resistance o 

the air he = he (l-*003 he*) (weisbach). If we take a point on the jet, at a distance of a; feet from 
the top of the jet, and y be the diameter of the jet at that point, then 

=d . 

The velocity of the jet decreases uniformly. When the head h is great, the jet does not retain 
its coherence long enough to rise to the height he. 
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Flow Of Water In Pipes. Steady Motion 


If the jet issues horizontally (fig. 57A), the range x on a horizontal plane 


2 he h5 

.64. 


X is also = Vt: hh = J gt*: V 




2hh 


X is naaximum when he 


hb: 


hb 


he 


V = velocity of efflux at the orifice. 


Fig. 57(C) shows a smooth conical nozzle, attached to a hosepipe. The length of the nozzle 
is generally 6 to 10 times d, the diameter of orifice. The pressure p at the entrance to the nozzle 

being measured by a pressure gauge, the head on the nozzle is — . The coefflcient of velocity for 

smooth nozzles varying from f" to IJ" in diameter, is 0-98 for pressures from 15 to 80 lbs. per 
square inch. 

In large cities fire-engines are sometimes seen and the jet goes right upto the top of the building 

to extinguish the fire. The following table gives the total heights attained by a jet under different 
pressures. 


Pressure in pounds 

Pressure 

Smooth nozzles. 

per square inch. 

head in feet. 

1" 

li" 

r 

10 

23 

22 

23 


20 

46 

43 

43 

« • 

30 

49 

62 

63 

59 

50 

115 

94 

99 

92 

70 

161 

121 

129 

113 

100 

230 

148 

164 

133 


— **wga*u V./ OCX viutjttuit; iis dk htc srream is less tnan tnat to which 

the scattered drops nse by 20 per cent. 

In fire-engines, the pressure head is created by hydraulic pumps worked by hand or steam 
to carry the jet to the required height, ’ 

In hill stations, to utilize the falls in hill streams, flour mills have been put up from ancient 
times and the ancients were wise to use conical nozzles to create high velocity in the jet impinging 
upon the blades of the driving wheel, working the millstone. P 8 g 

The horse-power of a jet of water is as under :— 
y section of the jet in square feet, (at outlet end of the nozzle). 

Q = 

W = 


Velocity of jet in feet per second, 
discharge = a X v Cusecs ; w = weight of 1 c. ft. of water, 
weight of discharged quantity = » a v Lbs. 


Kinetic energy = W X h foot-pounds 


WV» 

2g 


X 60 


loaV® 


ys 

W — ft.-pounds per second, 
•^g 


Horse-power 


( 1)1 


ys 


2 ^ X 60 ft.-pounds per minute. 


X 


60 


(0aV=' 


2g 33000 


See fig. 57. The height he 


2g X 550 

ys 


65. 


2g , , 4L 

^ ~ being the length of the hose or connecting pipe : d* 
diameter of the hose. & t-' i 


(t) 


65A. 


diameter of the nozzle : d, 
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pTcicticul Hydfciulics And Its Applications 


82. Tfaier hummer or hammer-blow in pipes.—li a valve on long pipe in which water u flowin# 
with velocity V feet second, is closed suddenly, pressure suddenly ^n^reasesTcariheeS 

known as knocking The intensity of pressure will depend upon the speed at which the valve u 
closed and on length of the pipe. 

hammer-bbw'"'^'^^” pressure in the pipe due to the stoppage of flow is known as the 

Let the pipe be L feet long, cross sectional area = a sq. feet. Velocity of flow V feet per 
second, t = time in seconds in which the flowing water is stopped by closing of the valve. 

Then retardation of water, f = — ft. per second. Weight of moving column of water 

= mass X g = a L X to : 

waL . , . , 

: ( 1 ) = weight of one cubic-foot of water. 


Mass 


g 


Now force 


Force on valve 
per sq. ft. 


naass X retardation. 
loaL 


g 


X f. lbs.: Intensity of pressure on valve, P 


force 

area 


(i)Lf 

g 


Ik 


(cLV 

gt 


lbs. per sq. ft.66. 

From the above equation magnitude of the pressure wave can be found. 

Hydraulic drills used in mines and tunnels are worked on the above principle of wave traoa- 
mission. A blow from piston is given to the water in a long pipe, which causes a pressure wave to 
travel the full length. At the other end of the pipe, the pressure wave works the drill. 

Thus the water does not move along the pipe but the power is transmitted. 

Fig. 58 
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Flow Of Water In Pipes, Steady Motion 


83. Venturi meter .—^When a quantity of water passes tlirough a pipe, it is measured by a 

Venturi meter, the apparatus being more costly than a weir but very accurate and entailing practically 

no loss of head. It was used by Clements Herschell. It consists of two cones joined at small ends, 

forming a constriction in a pipe as shown in Fig. 58. Point is called the throat of the meter. 

Pj and P 2 are the pressure pipes inserted in the pipe line to measirre pressure. Vi and are velocity 

and area of the main pipe. Vg and are velocity and the area of the throat. The discharge through 
the pipe line is Q and constant . *. Vj aj = Vg ag = Q. 

The loss of head due to friction etc. on account of flow of water in this short length of pipe 
is so small that we neglect it altogether. 


By Bernouli s theorem, the kinetic energy of a particle of water moving along the centre line 
•of the pipe line is the same at every point, above a given datum, hg = h — hg (pressures in tubes 


P 2 and Pg) .*. hj -j- h -|- 


Z! 

2g 


bi + hg + 


Z!i 

2g 


: also Vj Cl = Vg ag = Q as given above. 


Interchanging the difierent values,Q 



a>\ a^ 


( — 0^2 ) 



■\/2g > Vh 


67 


The figures within the larger brackets are constant for a given meter and may be denoted bv 
a constant equal to C. / 

It is ako usual to allow for friction and shock by the coefficient K, found by experiment, 

K being 0-97 on an average. The head hj actuaUy measured is caUed the Venturi head. 

. 5 - diameter of the throat being reduced, the velocity increases to maintain 

the discharge Q ; therefore the pressure at the throat decreases. If this pressure P, falls below the 
atmospheric pressure % and a hole be drilled at the throat, no water will come out but air will enter 

Xil6 

The height h. measures the difference of pressure between u and the pressure inside the throat 
if a special tube is set up, as shown in the sketch, at the throat. ’ 

rea \ diameter of main pipe to that of the throat and this is 

evaporates and will hinder the flow in the throat. pressure water 


Herschell gives standard proportions for the Venturi meter. If d be the diameter of the 


mam 


receiving cone 


2-5d 


pipe, then the diameter of the throat should be-^ and the length of the 

o 

and the length of the discharge cone = 7'5d. 

.houid ““ r 

avoid this difficulty, m. Metcalf invented a double gauge as shown in Fig. 5^ edious. To 
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Practical Hydraulics And Its Applications 


Fig. 59 


Stop Cock 



MaFn pipe 



hg = pressure head at centre of main pipe, 
hg = pressure head at centre of Venturi throat. 
It is clear hj = hg — hi and h 4 = hg — ha 


‘ ‘ ' ^5 ^6 — ( ^3 — ) + ( hi — ha ). 

The above are easily read on a scale of convenient length. 

Venturi* meters are now manufactured in Europe with clock-work and dials which record 
the flow on section paper in terms of gallons per minute. 

Sometimes gauges are put up as shown in fig. 59 and an attendant records the readings on a 
graduated scale, from which the discharges are known by reference to prepared charts. 

Venturi Rate Controllers to regulate the discharge from modern Rapid Filter plants for water- 
supplies for cities in Europe are in use now. 

84. Transmission of power through pipes. —If power is transmitted through a considerable 
distance by means of water under pressure, the power supplied will be in proportion to the 
quantity of water per second passing through the pipes and to the total head of water. As the water 
flows along the pipe, there is a loss of head due to friction. 

The horse-power transmitted is a maximum when the head lost in friction is one-third 
of the total head supplied. 

^ ^ j H being total head and h being head lost in friction. 


Efidciency of transmission 


H 


Power is transmitted through water pipes for working hydraulic machines, but this has been 
now displaced by electricity, generally. 

85. Miscellaneous, (i) Corrosion of Pipes :—^All water mains, as they ^ow 
discharge less water under similar conditions, due to deposits on inner side of the pipe, 
in its natural stage contains iron and is acid in reaction. Salts held in suspension or 
water gradually deposit on the inner surface of the pipe and form incrustations and impede e 
flow of water. 

Slime, a deposit of black substance, occurs not only in pipes but also in tunnels, brickwork 
channels. Slime contains iron and is of organic growth. 

Sometimes the deposits are very readily brushed out of the pipes by means of rotary brushes . 

* Venturi was an Italian Mathematician of very high order 
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Steady 


Diameter of pipe 

Age in 

in inches. 

years. 

16 

8-5 

24 

15 

24 

24 

32 

42 

48 . 

8 

48 

10 


The pipes are painted with antirust paint such as asphaltic coating, or bitumen coating in 

smooth and perfect layers. Doctor Angus Smith’s solution has been found to be a very good antirust 
paint on the market. ® 

k ^ Bombay Water Supply, Bitumastic paint (Bouranite) was used 

by hand and not by sprayers which afEect the lungs of the workmen. 

Percentage of decrease in discharge due to incrustation per year has been worked out by some 

engineers in America and by Mr. Bruce (Water Works Engineer to Bombay Municipality in the last 

garter of mneteenth century) and their results are given as under. The pipes were coated with 
Dr. Angus Smith’s solution (P. I. C. E., Vol. 162, p. 139). 

Percentage of decrease 
in discharge per year. 

1*8 
0-9 

1- 3 
0-8 

2 - 8 
0-7 

To allow for the diminution in discharge caused by corrosion, a pipe should be designed to 

allowances, Q being the 

Uncoated cast iron. 1-55Q'|. ,, , 

Asphalted rivetted pipes .. .. 1 • 33 Q I Asphalted cast iron.1 • 45 Q 

Neat cement or concrete .. .. 1 • 06 Q J stave.1 • 08 Q 

nr frnn!“2 ifow pzpw .-—Pipes break either from earth pressure or water pressure 

or from water hammer. Mimmum thickness is given by Unwin as under ;_ 

t == 0* 11 +0*10 inches ; D being diameter in inches. 

nr/li-T. that while small pipes of adequate thickness, have ample strength to resist 

orinary internd pressures, they are relatively speaking, more likely to be frLtured by straining ■ 
actions, arising from unequal earth pressures than the larger sizes. ^ ^ 

whose*°catdo^^ mfStton on°''thr^bje^t t 

of India have complete specifications on this subject and alsS about the de^of toe of thI pipS ^"“®“‘ 
(ui) Wrought iron pipes.—These are used in hilly countries with screwed ends fitted into 

purposes and tube-weUs 2 inches to 12 i^hes diameter. ^ 

riio water to house taps inside houses W. I. pipes i" to 2" diameter are uspd n.o 

charges through these are given in nomogram No. IV, Fig 61B ’ 

offi • through steel mains is calculated by the usual formula V = C -J";: r + 1 , 

for staff for®saTrmbi^ at War^a\°wJst Pun^ victauUc joints to bring potable water from far off source 
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Practical Hydraulics And Its Applications 


(India)l^m °° oI Engm..,. 

under “““ “™“* 

npflr employed as District Engineer in 1912/13 on Tata-Hydro-EIectric Scheme at Khandala 

lonp chance to supervise the laying of 6 feet diameter steel main along a hillside about 6,000 feet 

W rf^^- The steel plates are joined also by rivete; at the lower endZp£ 

Md diameter and about 6,000 feet long. The total head at the Iowm 

rtf fi, ee small mam Imes enter the power house at Khopoli for driving water turbines is 1,700 feet. The 
■ni'TiAQ wAi-A o -fr IS calculated in different lengths according to the pressures they have to stand. The 

^ ^ Messrs. Escher Wise & Co., of Switzerland whose engineers laid the pipes in position also. 

n supported on masonry blocks and do not touch the earth surface in the trench or hill side which 

are well dramed to prevent collection of water due to rain or otherwise. 

The pipes are weU painted with antirust paint, inside and outside, and exposed to air. 

The pip^ are also anchored. At each point where the pipe line, which follows the available slope of the 
^ound, has a change in the grade, a masonry anchor is built on the top of the pipe. It is a simple block of masonry 
ounded on good ground about 10 feet to 12 feet below the underside of the pipe and carried about 10 feet above the 
®P pipe. The thickness of this block depends upon the hydraulic pressure inside the pipe, tending to lift it 

up. Holding-down steel rods are embedded in the block and bolted to saddles on pipe to keep it in position. 


Fig. 60 


/ 


/ 



P = 2 


rz d^ 


62*6 H sin 


0 

2 


lbs 


69. 


ya 


Where H = pressure at the bend. If the velocity is great, H should be increased by 

At Jogindamagar in Mandi state, steel pipes are used to carry water from a great height to power-hoi^^ 
work turbines. The pipes are laid on blocks and exposed to air and not covered with earth. Expansion join 
also used, and they are painted with white shining paint. 

At Kilokree sewage pumping station for New Delhi in India, 30" steel main was laid by J^th 

from pumps to a tank at a higher level; one expansion joint was laid at the start. The pipe was well p^nt 
antirust paint both inside and outside. The joints were flanged and rivetted. To prolong the life of the 
was surrounded by a six inches coat of fine cement concrete (1—2—4) all round. The pipes were laid in a 
10 feet deep and finally covered with earth, the trench being filled upto natural ground surface. 

Experience teaches that corrosion of pipes does not usually produce diminution in the thicknefis of the 
plates but occurs in patches and small pinholes before the plates are eaten up right through. 
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Flow Of Water In Pipes. Steady Motion 


head “ deter^^ by the manufacturers, taking into consideration the pressure 

at least ^ ^ ^ ^ factors. British Engineers adopt 3/8ths of an inch thick plates 

above asphalted rivetted steel pipes 3'-6' diameter, gave value of / in the formula 52A 

i ;v5» lijr -S ’*'■ ‘ ” “■ ■*' ‘ 

(v) Wooden Stave Pipes :— 

“a|^g.'«'ater mains, where available and cheap. Wooden pipes upto 72 inches in 

td io^ed at eS W Jo^to^^l^ “‘'1® machined to proper curvature 

MQ jomea at ends by mon tongues. Hard and well seasoned timber must be used. The outside should be coated 

TOth some wood preservative and strengthened by steel bands, preferably oval in cross section to take up the tensile 
pipes are always lull and never empty. There is very little mcrustation on the inside compared to C. I. pipes. 

120 feet tL^’iStr^orotLr° 9 ®nn®f f°®r /^® pipes are required to stand, should be about 

IZU leet and not more than 200 feet, relief arrangements being made for water hammer. 

Timber Tor pipes should be straight, long in grain and fairly flexible, specially in curved portions of the pipe. 

wooden stave pipes of about 18' diameter in use for a 

Lti.. 


Elect i h .-—From Khandala Hotel to Khopoli Power House (Tata Hydro- 

W hnes'^oTabmit^^fi"^^ writer m 1912/1913 for a length of about 8,000 feet, and then spli/up in 

1 7m eet 8ui?.ll f T f t ■ Total fall about 

1,700 feet. Supply of water from the Storage Tanks about 500 Cusecs. 

The diameters of these steel single rivetted pipes were so fixed as to lead to the minimum 

toeether“^!ith T1 Tte interest on capital cost, maintenance, depreciation 

ogether wth the value of the power lost due to friction in pipes were also considered. T^oretical 


Horse-Power 


500 X 60 X 1700 X 62*5 .. _ 

33^000 ~ 97,000 H.P. Actual Nett output from the generators 


commercial unit. 60 000 x 24 = 

aftKccr^*®!transmission also count 
s the electrical energy is carried to Bombay on transmission lines. * 

frnro 1 PJpes ^Trying wo^T charged with sard .--Experiments on Sand, having grains varvins 

about ?'Lt ^ T‘P® 4 P^ for a f2-inch Xe 

may exceed 50 per cent if the velocity is more than necessary to cause siSpeLion. ^ 

Insert Line .--Let D be the diameter of the pipe line with flanged joints 

•he pressne with a hyd,aul.o gauge both on upstream and downsSam sito oTtTe iiaph,“! 

Let these pressures be h. and h,. Let the ratio of | be n : The discharge through the orifice 
in the diaphragm is 


<3 


C TC / 2 g hi — h 


n 


1 



C = -614 to '634. 
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Practical Hydraulics And Its Afplications 

86. Examples :— ^ 

mile. approximate discharge in gaUons through a pipe 4 feet in diameter having a faU of I foot per 

^ this case the hydraulic slope is the same as the actual slope of the pipe line because the wati>r . 
atmosphenc pressure and is discharged at atmospheric pressure. i P e, oecause tae water enters at 

See formula 49 : V = 39 Al-d^T d = 4 ft. : s = : q = a X V = x 39 V~di- =5017 

G/minute. 

formul^ incrusted Nomogram No. 3, Fig. 61 A gives discharge 5 ,600 gallons per minute, by Unwin’i 

3 laid with a fall of 1-192 on a sloping ground and is required to debrer 

MeToffoie f, w lbs- per sq. inch at the lower end. The head over the centre of the 

inlet orilice is 10 feet. Find out the diameter of the pipe. 

Total Fall in 4,800 feet is = 25 feet. Total available head = 25 + 10 = 35 feet. 

I 

10 lbs. per sq. inch pressure head is required at the point of delivery. This means = 20 fe«t 

approximately* 

Net available head is 36—20 = 16 feet, to meet frictional losses. 

16 

Thus the hydraulic grade is or 1 in 320. 

By formula 52B. 

J Q2 1 

— = 2 feet, Q being 8 • 66 cusecs. and S =- . 

S 320 

Nomogram No. 3 Fig. 61A also gives 24 inches the required diameter of the pipe. 

(3) Find the discharge of a wrought iron pipe, whose diameter is 3 feet and slope 1 in 1,000. 

See article 70 : Table for values of C, gives C as equal to 125 in this case. 

V=C'Vr -Js — 125 •^O'TS I— - — = 3 • 35 ft./second 

^ 1000 

Q = Area X Velocity = 7-067 X 3-35 = 23-67 cusecs. 

(4) An open channel discharging 16 cubic feet per second is passed under road through a syphon of smooth 
plaster^ brickwork of section 2 ft. X 2 ft., which first descends 10 feet vertically then travel 80 feet horizontally, 
again rises 10 feet vertically, the bends being right-angled and sharp. What is the loss of head in the ttmnel T 

Area of water way = 2 X 2 = 4 sq. feet. 

16 

Discharge Q = 16 cusecs Therefore V = —-g — = 4 ft. second 

1 1 

There are 4 elbows of 90 degrees each, see article 73 : Loss of head per each elbow = Sin*0 ”T 

— 0*5 feet for 4 elbows. 

The length of the syphon barrel is 80 feet. 

This is a case of a short pipe. Apply formula 62A. 

4LV2 ■ 

head lost, h = 11 _ T = 0*19 feet .. ' 

^ 2gd 

= -005 ^ 1 -f- ^ = *0052 : d = 2-25 ft. : L = 80 ft.: V = 4 ft. per second : g = 32 feet. 

The head absorbed in overcoming resistance at entrance and to generate velocity V at start is I ® 

. .W 

2g . 

Thus the total loss of head 

= (a) -f (6) -h (c) = 0*50 + 0*19-1- 0*40 = 1-09 feet. 
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Flow Of Water In Pipes. Steady Motion 


(5) A 4 branched mam m a street suppUes water to each of the houses in the street through f inch 
service pipe, one for each house. The highest point at which the service pipe deUvers water is 34 feet above 
the water mam. The se^ce pipe is 72 feet long. If the pressure in the main is 15J lbs. per .square inch, how many 
gallons per mmute will the service pipe dehver at its top end ? How many houses would the main supply ? 


Pressure head in the main h = 


W 


IH X 144 _ _ - , 
62-5 — 36 feet 


Hydraulic gradient in the service pipe is equal to 


36-34 


1 


72 


36 


or 1 in 36 


Diameter of service pipe d = J inch = 


1 


16 


feet. 




= -01 ( 1 + 




023 


( 


_ 


article 70. 


V = c V7 



: Q = A X V = C 


J 


d 

■4 


S = 


1 


4 ^4 ■ - 32 

= *00338 cusecs or IJ gallons per minute. 

Let n be the number of houses that can be supplied with water from the 4 inch main. By equation 58, the 

discharge Q vanes as d^ a* : as the total discharge through all the service pipes is equal to the total discharge 
through the 4 inch branch and s* is the same for all services, 

(nxi)t = (4)5 orn = 66. 

(6) Find out the discharge of a syphon 3J feet in diameter, 240 feet long, the difference of water level 
being 12 feet. 

Suppose (a) and (b) do not exist at all. 

Then by equation 64. 

|~? -A s . 

-N V l*6d + 4[JLL / 

li = 0-1 ( 1 + ^ ^ = -0102 : V = 16 feet. 

assume™feel Sr “eond'^ t tto c'^e * = 

(o) = 1-5 A— = 2-34 feet. 


d = 3 ft. 6 inches : H = 12 feet: and L = 240 ft.: 


2g 


(6) = ( J sine Q® ) 


= i X 


100 

64 


V2 

2g 


60 


64 ••• fo«'2bends= ^ 


0 being 90® in this case (article 73). 
60 


= 1*66 feet. 


: \l = -0102 : V = 10 : L = 240 ft. r = *875 


(C) see equation 62A. 

^ L V2 

^ r 2g 

= 4*40 feet. 

(o) + (6) + (c) = 2-34 + 1-66 + 4-40 = 8-30. 

Thus with V as 10 feet per second, the total loss of head = 8-30 feet against actual loss of 12 feet. 

Actual veloc ity ( Actual head 


By equation 63, Actual velocity ^ / 

Assumed velocity y 


estimated head 


) 




10 ( 1*44 ) 


i 


Discharge = Av = x 12 = 116-46 cusecs. 


= 12 feet per second. 
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Practical Hydraulics And Its Applications 


1-250 forTuart’;ro1 rv:f oA'L'wlfTheT >* ‘h* of 

of the pipe at the upper end, what will be the discharge per minute’? ^ at 5-13 feet above the centre 


Fig. 61 shows the arrange¬ 
ment of pipes. 

The pressure heads 
at the points B, C, D, are 
^*13, 7*77, 13*05 feet 

respectively. The hydrau¬ 
lic gradient for the pipe 
line BC, is line AC; because 
the point C is above the 
mean H. G. line AD, 
Also therefore the line CD 
is the H. G. line for pipe 
line CD. Thus the H. G. 
line AC regulates the 
discharge through the 
whole pipe line B C D. 



7U d^ 
4 


X 39 V ds : 


= 9; 4 cusecs. 


Fig. 61 



The segment C D, of 24* diameter pipe wiU not run full. Its slope, is hydraulic grade. Design the 

ter of this pipe to carry © • 4 cusecs with the available hydraulic grade which means its actual slope. In article 
74 it is explained that ‘ s ’ varies as , for the same discharge. 


For the pipe line BC, d, the diameter is 2 feet, s 


7-77 

2640 


For the pipe line CD, diameter dj is to be 


found. Its slope S 


5-28 10*56 

1320 2620 



7*77 

10*56 

7*77 

10*56 / 


• * • — 1 * 88 ft, say 22 inches. 


The problem can be easily solved from the Nomogram No. 3. Fig. 61A : 

Example 8.—Two reservoirs are connected by a straight pipe line, one mile long. It consists of two sections, 
each half a milef but of different diameters^ say 6 inches to three inches respectively; there being a sudden change 
from 6 inches to 3 inches. The surface of the water in the upper reservoir is 100 feet above that in the lower. j 
out in detail the losses of head that occur at points of entry, change and discharge ; also the different sections. Find 
the discharge in cusecs ? 


Nomogram No. 3 will not help here. 

Since discharge is constant right through, the velocities Vj and V- in 2 sections are in the inverse ratio of the 
squares of the diameters. 



^ 0*6V,2 /V ^2 

Head lost at entrance = - ^—— = *031 —-——— 

2g 2g 

Head lost in 6^^ pipe due to friction (See equation 52A). 
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nomogram 3. 


Fig 6IA 
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DISCHARGE OF INCRUSTED C-l-PiPES 


gy unw>»4SPowmlia : s = -2,. 
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2T 
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Flow Of Water In Pipes. Steady Motion 


= P- 


V2 


01 X 2640 X V 2 


r 2g 16 X 0-12o X 2g 

r being Hydraulic mean radius, [jl being -01. 

Head lost at sudden contraction ^ ^ ^^ 2 )^ 

2g 

Head lost in 3" pipe due to friction = u, ^ ^ 

“ r X 22 


13-2 V,2 


2g 


(b) 


(c) 


•01 X 2640 X (V,)2 
•0625 X 2g 
422 (V,)2 

2g . 


Head lost at exit = 


2g 


(d) 

(e) 


Total head lost 100 feet = a + b-fc + d + e 

= 

2g 


(•031 + 13-2 + -5 -f 422 + 1) 


• • 


Discharge 


Q 


= 436-73 

2g 

= 3*28 feet per second. 

= area of 3^ pipe X Vg 
= *049 X 3-28 = 0*1607 cusecs. 


4 inehefSete; diameter) and B (10 ft. diameter) are connected by a short pipe 

centrfhne of ft! ^ ^ ^ begmnmg the level in A is 10 feet and in B is one foot above tL 

centre line of the pipe. In what time will the surface levels be the same ? 

Answer 138 seconds. 

of 100 frtain the thickness of C. I. Pipe 24' internal diameter, subject to internal water pressure 

ot 100 feet head : Length to be assumed 1 foot. Working Tensile strength of cast iron f = 3500 lbs. per square inch. 

one beh^r ^ horizontally through the central axis of the pipe, dividing it into two semi-cylinders, 

100 X 6f-5*^v the other bemg stressed downwards, by equal and opposing forces, each being 

resisting ^ ."'"'■kmg on a length of 1 foot: If t be the thickness of the pipe in inches, the 

be 2t 12*^inchS^^^500^ rupturmg stress of 12,600 lbs. at the intersection of the Horiz-plane with the pipe, should 


t = 


12500 


= 0*15 inches. 


2 X 12 X 3500 

2' to 8' C. I. Pipe : 3500 lbs. for 24' pipe : for wrought iron f = 7500 to 

uer ffinfV ^ bo 12,000 lbs. In the case of rivetted pipes, the efficiency of the rivetted joint = 55 

per cent for smgle and 70 per cent for double rivetting. j ou 

Takina^f ^1 o single riveued steel pipe, 30 inches internal diameter, is exposed to a head of 450 feet of water, 

g I l-,000 lbs. per square inch, and the efficiency of the joints = 60 per cent, what should be its thickness ? 

407 inch = -ii inch. 


Ans. t = 


32 


ineh ^ cast-iron pressure pipe, 4 incTies diameter, is exposed to a pressure of 1,100 lbs. persquare 

akmg f _ 2,800 lbs. per square inch, what is the requisite thickness ? 

Ans. t = 1-032 inch = 1 ~ inch. 

» 

minfTth^ ^ Venturi meter the throat diameter is 4 inches. Taking C to be constant = *982, deter- 

e cUnerence of head at the entrance and throat when discharging. 

(b) 600 V gallons per minute, 

(c) 1000 J 

"• -S-—1 gaUon = 10 lbs. 

Answer; (a) Vel. = -340 f.s... -149 feet 

(6) ,, = 1-701 f.s. .. 3-73 feet 
(c) „ = 3 • 402 f.9. .. 14 • 92 feet. 
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Practical Hydraulics And Its Applications 

CHAPTER XI. 

Open* Cha^'xels. Uniform flow. More or less clear water. 
87. Preliminary. 

Fig. 62 



4D 



Fig. No. 62 shows an open channel with a uniform bed slope, uniform cross-section and 
uniform depth of flow. The surface water is subjected to Atmospheric pressure all along. 

The flow of water in the channel takes place due to force of gravity acting on the volume of 
water in the direction of flow. This force of gravity is spent in overcoming the friction offered by 
the bed and sides of the channel to the flow of water ; also in keeping the mass of water in motion. 
The force of gravity increases as the bed slope gets steeper. 

The wetted bed and sides of the channel, form the wetted perimeter, denoted by B, w + wD. 

Area of the channel divided by the wetted perimeter gives the ratio, called Hydraulic mean 

radius, denoted by r = '. ^be sides of the channel being supposed to be vertical, 

W and D being, width and depth. 

The ratio and A = r B. If the depth of flow D increases, A increases faster 


than W and r therefore increases ; but—^ decreases so that r increases less rapidly than D 

x> 


For small changes of water level, r and D both change at about the same rate. 

In the above case the slope of the water surface is parallel to the bed slope of the channel an 
is called virtual slope. 


A pipe running not full is classed as an open channel. 

88. Velocity .—rate at which the water moves down the channel is called 
flow, denoted by the letter V and measured in so many feet per second. The velocity 
at different points of the water surface and at different depths below the water surface in 

cross-section. 

Chezy has given the following formula to find out the mean velocity of flow in a um or 
channel. 


V = c ^ .70 

r = Hydraulic mean radius in feet. 

8 = Sine of slope of Channel. 


V = feet per second. , 

C = coefficient depending upon the n 
of the inside surface of the channe . 
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Ojpeyi Channels, Uniform Flow, More Or Less Clear Water 



It is not proposed to go into the mathematical investigation of the formula. It is accepted 
nowadays all over. 

Kutter and Ganguillet, two Swiss Engineers, investigated the matter thoroughly and have 
given the value of C as under, in the formula V = c Vr Vs7~ 

. , -00281 , 1*811 

41-6 H-- 

s n 

^ “ --in foot units. 

1+ - f41.6 + -^ 

s = Bed slope of Channel. | r = Hydraulic mean radius in ft. 

n = coefiScient of rugosity, called Kutter's n 

river fo^gocKi man^yeS^^^ Engineers, made exhaustive experiments on the flow of water in Mississippi 

The values of n are given on Table No. I. 

It is said that Kutter did not originally propose to apply his formula to pipes but Engineers 
make use of this formula as a matter of convenience. For discharge through channels, Kutter’s 
formula is freely used by Engineers in the British Empire. Major Cunningham, R.E., in his observa¬ 
tions on Ganges canal in 1888 conclusively proved that Kutter^s formula is very reliable. 

The form^a given by Manning is probably as good as that of Kutter, the value of n being the 
same as tnat of Kutter. ® 

0*67 0-5 

Manning’s formula is V = —^ ^ 

n 

n has the same value as in Kutter’s. 

n ■ French raathematici^, after long and exhaustive experiments gave in 1897 the values 

Of 0 in the Chezy formula V = c Vr as under :— 

n _ 157*5 , , 

^ yj 

Ir 

Where K is a constant depending upon the surface of the channel and has following values 

Smooth cement plaster. K 

."009 

Clean smooth sides of wood, brick, stone ^ 

.. 0*29 

Birty sides of do. do. do. 

.. 

Sides of natural earth (ordinary rough earth canals) 

. .... 

Kubble masonry 

_ 0*833 

Earth Channels of very good surface. 

Very rough channels of earth with weeds on sides. ^ 

The above formula gives as good results as that of Kutter but is not in favour of Ttri+Joh t? 
memory of the Great Mathematician M. Bazin. ^°g‘“ers use ^it freely. It is given here in 
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Practical Hydraulics And Its Applications 



TABLE Xo. I. 

VALUES OF ‘ N ’ IX RUTTER’S FORMULA. 


Specification of the Channel 


Timber well planed and perfectly continuous 
Planed timber, not perfectly true 

Glazed and enamelled materials with no irregularities, or clean 

coated pipes. 

Pure cement plaster. 

Wood-stave pipes . 

Plaster in cement, one-third sand 

Pipes of iron, cement or terra-cotta, well jointed, and in best order 
Timber unplaned and continuous, new brick-work : ordinary iron pipes 
Good brick-work, and ashlar, unglazed stone-ware, and earthenware 
Canvas Lining on wooden frames 

Foul and slightly tuberculated iron, rough faced brickwork 
Well dressed stonework 

Wooden troughs with battens inside, J inch apart 

Fine gravel, well rammed 

Rubble masonry in cement, in good order .. 

Tuberculated iron pipes, brickwork or stonework in inferior condition .. 

Earthen channels in faultless condition 

Ditto, during heavy silting 

Earthen channels in very good order 

Coarse gravel, well ramm^ .. 

Large earthen channels maintained with care. Channels in earth in good 
# 

•• •• •• 

Small earthen channels maintained with care. Channels in earth in good 
regime ,, ,, .. .. .. .. .. 

Channels in average order 
Channels in order, below the average 
Channels in bad order .. 

Channels in very bad order 

Channels of worst possible character with turbulent flow and large 
obstructions .. .. .. .. .. .. ** 

Torrents encumbered with detritus and boulders like those in Xangra 
Valley, Punjab 


Value of ‘N*. 


Authority. 


0-009 

0-010 

0-010 

0*010 

0-010 

0-010 

0-011 

0*012 

0-013 

0-015 

0-015 

0-015 

0-015 

0-017 

0-017 

0-017 

0-017 

0-017 

0-018 

0*020 


0-025 

0-025 

0-0275 

0-030 

0-035 

0-040 

0-050 


Kutter 

Kutter 

Kutter 


Kutter 


Kutter 


0-0225 Punjab Irrigation Branch 


Punjab Irrigation 
Kutter 
Jackson 
Kutter 
Kutter 

Jackson 


Branch 



TABLE No. II. 


Value of 

r 


0-5 

1-0 

2-0 

4*0 

6-0 

10-0 


C ^ Kutter’s Coefficients for different slopes (Bellasis page 173) 



Kutter’s Coefficients for different slopes 


N = -010 


N = -030 


Slope 1 in. 10,000 


Slope 1 in. 1,000 
and steeper slopes 


Slope 1 in. 10,000 


Slope 1 in. 1,000 

and steeper slopes 



126 

148 

168 

186 

195 

206 


138 

156 

172 

185 

191 

197 


33 

42 

52 

64 

70 

78 


36 

45 

54 

63 

68 

74 
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O'Pen Channels, Uniform Flow, More Or Less Clear Water 




89. Relative Velocities in cross-section .— 
Investigations have been made from time to time to 
find out the relation existing between velocities of 
difierent particles of water in a cross-section of the 
stream of flowing water. Eesults, approximately 
correct are given below. 

Eddies rise from the bed to the surface. The 
water, of which the eddies are composed, is slow 
moving, and though the eddies retard the velocities 
at all points which they traverse, they have most 
efiect at the surface because they spread out and 
accumulate there, specially at the central portions of 
the stream. 



Fig. 63 shows that near the side, there is an upward current and there is a surface current from 
the side outwards, which causes the floating matter to accumulate in midstream. The currents are 
the result of eddies. I personally observed this phenomena in a canal for several days. 


It is eddies and cross currents that 
affect the velocities at different points in a 
cross section. 

Figs. 64, 65, 66 show the velocity curves 
in cross-section of the stream. These are 
known in a general way, but not with 
accuracy, because their equations are not 
known. 


In fig. 63, the maximum velocity on 
the surface is at the point 0, the middle 
point of the section. This decreases as we 
go frona the point 0 towards the sides due 
to resistance offered by the sides to the flow 
of water. 


Fig. 64 

2 1 O 




Fig. 65 
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Practical Hydraulics And Its Applications 


I 



The frictional resistance between the water 
surface and the atmosphere causes a slight reduction 
of velocity at the surface. The maximum velocity 
in the cross section of the channel will occur at the 
point P, a little below the surface (Fig. 63). 


Fig. 66 



TJhe velocity is least in the neighbourhood of the bed and banks and greatest in the axis of the 
stream at a point P, 0*3 D below the surface. See fig. 63 ; as the point P in the same cross section 
moves towards sides, its position becomes 0*5 to 0"6 D below the surface. 


If Vs be the greatest surface velocity, Vb = the bottom velocity and V be the mean velocity, 
approximately their relation is V = -8 Vs = 1*3 Vb.72. 


The relation between V and Vb enables us in designing a channel, to assign a velocity which 
^11 not be injurious to bed and banks of known consistency of soil. The following mean velocities 
in feet per second are generally followed. 


Clay 

Sand 

Pebbles 


0*75 Boulders 

1 ■ 50 Stratified rock 

3 • 00 Hard rock .. 


4-00 

6-00 

10*00 


On the above subject exhaustive experiments were made by Major Cunnigham on Ganges canal near Roorkee 
and results can be obtained from the U. P. Irrigation Department. 

The variation of velocities over the cross section of a channel, nearly rectangular, was investi¬ 
gated by Bazim in a channel 6 feet wide and 1 • 5 feet deep. This is shown in fig. 64. The curves are 
lines of equal velocity; they have the greatest value at the centre, just below the water surface ana 
decrease towards the sides and base. 


Fig. .65 shows horizontal velocity curves in horizontal planes through points a, b, c, 
velocities at different points ofthesectionlines a, b,c and d are plotted on a base representing the ^at 
of the channel and the velocities as ordinates, the channel being supposed to run full. The shape 
of the curve depends upon the shape of the cross section and not on its sides. For further matn^ 
matical treatment of the subject, please see Hydraulics by Bellasis and Major Cunmgham s experi¬ 
ments on Ganges canal. 

Fig. 66 shows the variation of velocities in vertical planes through vertical lines 0, ^ 

The horizontal ordinate represents the velocity and the vertical ordinate represents the depth- 
mean velocity on any vertical section occurs at nearly 0*6 D, from the bed. It varies with 
type of the channel and with the nature of the sides. 

For the detailed mathematical treatment of the subject see page 166 of Bellasis Hydraulics. 
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Open Channels, Uniform Flow, More Or Less Clear Water 


If the surface velocities are observed by means of a float, the mean velocities are given by the 
following table. (Bellasis). 


Values of ratio of mean velocities to observed velocity. 


Hydraulic mean 
radius in feet. 


Fine plaster 
Channel. 


Cut stone or 
brick work. 


Rubble or Boulder 
masonry. 


Earth 


0-5 


to 


50 


84 


to 


85 


81 


to 


83 



58 


to 


76 


90 

98 


If Vc be mean velocity on the central vertical and Vm that in the whole section, 

.1, Vm . 

tnen — = specific ratio : 

Vc 

Ratio of mean width to depth of channel ..1 1*5 3 5 7 20 50 

■Specific ratio.-86 -87 -89 -91 -93 -95 *96 

Ratio of Mean to surface velocities on verticals away from the sides of the channel. 

Depth on vertical ranging from -9 to 28 feet. Value of n ranging from *030 to -010. 

The above ratio varies from -83 to -92 (Bellasis). 

T> surface velocity feet per sec. Vm = mean velocity: Vb = bottom velocity : 

K = Hydraulic mean radius : Vm = K Vs (Bazin). 

If R varies from 0*5 to 20, K varies from 0*84 to 0*85 for fine plastered surfaces, 
irom 0*81 to 0*84 for cut stone Brickwork. 

from 0*58 to 0*80 for Rubble masonry, rough surface. 

Vm = Vb + 10*87 -Jr : s being bed slope (Morin), 

90. Velocity of entry.—The entrance to a channel may be open to the source of supply or it 
may be closed by a head sluice. In the former case, there is, for a short distance, a rapid surface 
slope sufficient to generate velocity which the H. M. Radius and the fall maintain in the channel 
shfice latter the head is the diflerence of level between upper and lower sides of the 

At the open inlet V = C ; take C = 0*8. 

XTO 

h (head to produce V at entrance ) = l-s _ 

2g 

For a closed inlet let A be the area of sluice openings ; V = velocity through the sluices. 

Since VA = Vi Aj :ThenV, =^^ = 1.51^-^ 

Aj \ -^1 / 2g 

and th,w distributed if desired, by widening the channel near the entrance 

and thus reducing the velocity to be at first reduced. 

tV" A in artificial channel are generally curves of large radius. For approximate 

loss of head in bends, Humphrey and Abott’s Mississippi formula is adop^d. H the arc of th?Sd 


subtends an angle of 0°, h 


6 


X 


36 V2 


90 '' 2g 

See paper No. 242 P. E. Congress (1941) by Hr. Wilson which is very interesting on this subject. 


(73) 
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Practical Hydraulics And Its Applications 


92 Cptical velocity.—Critical velocity in a channel is that mean velocity which for a channel 
of given depth, will just keep the channel, all the year round, free from either silting or scourineits 
bed, when the water is runmng fully charged with silt upto the standard usually found in rivers. 

The following table gives the critical velocities for varying depths for certain Punjab canals. 
In the case of channels in Sindh, drawn from Indus, the critical velocity has been assumed to be three- 
fourths of that applicable to canals in the Punjab. 

Table III. 


Critical Velocities for varying depths. 


Depth in feet 

Critical velocity 

Depth in feet 

Critical velocity. 

1 

0-84 

9 

3*43 

2 

1-30 

10 

3-67 

3 

1-70 

12 

4-12 

4 

2-04 

15 

4*75 

5 

2-35 

20 

6’71 

6 

2-64 

50 

10-27 

7 

2-92 

100 

16-00 

8 

3*18 

9 • 

• • 


As a canal in ordinary soil can not usually be made with greater velocity than about 3 • 5 feet per second, 
and as the critical velocity is greater than that in canals with a depth of over 9 feet, it is not desirable to design 
canals in ordinary soils which are neither to scour nor silt, with a greater depth than about 9 feet, unless the water 
is not silt laden or unless the silt it carries is such that the critical velocity is less than that given in the table. 

93. Channel Sections. 

(t) Section of best form .—A stream is of best form when for a given sectional area, the border 
is a minimum and the hydraulic mean radius therefore a maximum ; velocity and discharge are 
greater than in any other stream of the same sectional area, slope, and roughness. The form which 
complies with this condition is a semicircle whose diameter coincides with the line of water surface. 

The H. M. Radius is = ^ , D being the depth of flow. This form is used for concrete chaa- 

nels, or channels cut in rock. For circular channels, see Chapter XV on sewers and drains. 

The best form for sloping sides is a semi hexagon, and still better the best form is the fig^ 
in which the bed and sides are tangents to a semicircle (described on the water line), specially w 
the side slopes are assigned. 

Fig. 67 


Fig. 67 shows such a channel. 

B — Breadth of the base 
D = Depth of water 

Slope of the sides 

Length of sloping side = D (n^ + 1)* 



O = D : The above channel gives maximum discharge for a given slope. 


The mean Hydraulic radius r 


D 
2 ' 
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The above form is used for small earthen channels ; vrith large channels, the depth becomes too 
great and impracticable. 

sloping sides of hills at Khandala near Poona for Tata Hydro-electrio scheme 
(output 100,000 H,P.) IS of a trapezoidal section ; depth of water 9 feet: side slopes 1 in 4 : bed \ndth about 14 feet • 
longitudinal slope of bed 1 in 2,000. Its length is about 3 miles. Discharge about 500 cusecs. 

The side slopes of the form depend upon the nature of the soil through which such channels are 
cut. 


( 11 ) Rectangular channels—A Rectangular channel is a trapezoid with side slopes of 90°. 


The figure for maximum discharge mil therefore be a half square. The H. M. radius is ? , D being 

depth of the flow and half of the breadth. This form is employed for aqueducts of timber or masonry. 

maso^ duct built by the writer in 1910 for Simla Hydro-electric scheme at Chhaba in the slopine sides 

of hills 13 a semi square, bed width 4 feet: depth of flow 2 feet: bed slope 1 in 1,000 : velocity 3 ft /second • 
Dis. = 2o cusecs. ' * 


(m). Closed channels. —This form of channel has boundaries on all sides of water section the 
cucle furnishes the best form. ’ 

Since this is the figure which has the least wetted perimeter for a given area, the Hydraulic 

mean radius or depth = ^ , where D is the greatest depth of flow. This form is generally adopted 
for pipe sewers. See article 113, 

(w). Channels of constant velocity or discharge.—li the channel is to maintain constant velocity 
when the depth of flow varies, it means that ‘ r ' the hydraulic mean depth should be constant. This 
is practically impossible specially when the depth of flow decreases to zero. Even within the limits 
in which r is constant the mean velocity is not constant. 

The velocity, as the depth of flow increases, is nearly constant in a very deep narrow channel 
with vertical sides. See article 113 on sewers. 


{v) Channels for variable discharge.—When the channel has to carry a variable volume it is 

desirable that the velocity should be nearly constant, or the H. M. D. should be constant, or the 

wetted perimeter should increase at the same rate as the area of the section. This condition cannot 

be convemently secured in earthen channel. This principle is however adopted to some extent in 
ovoid sewers for which see article 113. 

(vi) Channels of irregular sections.—See Chapter XIII on rivers. 


94. Discharge of channels. 

If the velocity and discharge of an existing channel are required, measure the bed width 

side slopes bed slope, calculate velocity from Kutter’s formula and the discharge then is eoual tn 
area x velocity. ^ 


channel is to be designed, determine the bed slope from the available slope of the 

gmred isch.rg, „d dedd. «pon suitable veloly, u^t too low to allow siltTepSii 1Z Z 
high to cut up bed and sides and then from Rutter’s formula, find out the cross section, etc. 

Tables given in this chapter and nomograms No. 5 and 6 will be of great help for the purpose. 
variablS"^ problem in connection with the flow of water in open channels involves four' 


1. Discharge or velocity. 2. The bed width. 3. The depth of water. * 4. The bed slope 

From the nomograms, the required variables can be found ; if some variables are i^iven if 
necessary, approximate assumption can be made and by trial, correct values can be found. ^ ^ 
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95. Falls. 

To design a channel, it is necessary to know the discharge, the geological formation of the 
soil through which the channel is to be constructed, and the general slope of the ground. The 
geological formation fixes the velocity within certain limits. It should not be low to allow “ silt 
and weeds ” to settle down to the bottom of the channel. It should not be too high to cause the 
erosion of the bed. 

Knowing the discharge and the velocity, economical cross section of the channel is to be worked 
out; and thereafter the bed slope of the channel is to be found. If the ground slope is steeper than 
the proposed bed slope, then the channel is to be divided into convenient reaches with suitable falls 
at the ends of these reaches as shown in Fig. 68. 

Fig. 68 



If the channel is cut through rocky ground, a rapid is built ))ecause it is economical to do so 
with stone available from the rock cutting. 

In mountain streams, one sees vertical falls with water cushions, formed by nature. The 
depth of the water pool at the foot of the natural fall is a guide to us to fix the depth of water cushion. 

On the Ganges canal as first constructed, the falls had their crests at bed level of their upper r®*®*^* 
led to the reduction of depth of water in the channel for a considerable distance back from the crest of tne 
Consequently velocity increased and the scour produced in the bed of the channel above the falls was so great 
it was found necessary to raise the crest of the fall by a weir. 

Fig. 69 



Fig. 69 shows a fall with a weir. To calculate the height to which the weir should be bull 
find out tbe velocity in the channel above the fall from Kutter s formula. 


(Q) of the channel is known, also ha is known. 
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length of the weir is known. From formula 24, find out h, the depth of water over the 

weir. J-hen d — h is the height to which the crest of the weir should be built above the bed of the 
channel on the upper side of the fall. 

The depth of water cushion is given by the formula. 


X 

Y 


h + (h)* (H)* 


74. 


— I (Z)i h : (Bombay P.W.D. Handbook, Vol. II: Page 606). 

The width of the cushion should be a little more than the width of the channel bed, so that 
falling water eddies m the cushion and dissipates its energy. 

of the chann?r* ^ ^ section 


Fig. 70 


^ E)ED of Cmannll 



■ ttmf fwr f fti f f ) fUff iff f ^ 


FaL L 


Fig 70 shows an ogee fall, which consists of a double curve, the object being to deliver the 
water at the foot of the fall mthout vertical velocity ; but there will be excessive horizontal velocity 

about 6 to 1, the chord C E being ^ of chord C.D. ^ 

A small weir ^th its crest raised a little above the bed of the upper channel should be built 
to prevent erosion of the bed of the said channel. 

chapels, carrying small quantities of water ogee falls are cheaper and convenient Vnr 
DepaJ^^^r ’ *0“^ pubUcation of the Provincial GovemmentaX^fon 

F«r la discharges upto 1000 cusecs is the best (Punjab Irrigation Branch) 

at Tando-Mastikhan Fall on Rohree canal in Sindh. pteo. 

96. Standing Wave. (Encyclopedia Britannica 9th Edition : Hydromechanics). 

Fig. 71 



Weir 


Channel 


weir J?as'LtbZ'cttr:S^ t^ftepth oTtw "tb 'V 

the velocity of flow. If the stream has a high velocity relatively to the depth of water^ b k and d 

be less thanl and if an obstruction in the shape of a weir is placed on it, the following phenomenon 
occurs. 


Ill 
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As the water flows towards the weir, the velocity decreases and d increases. At a point A, 

d = — the water surface tends to become normal to the bed, a standing wave is formed. On the 

down stream side of the weir, at point E, the velocity is so great and the depth is so small that d 

V2 

may be less than— . As the water moves on, V decreases due to friction against the sides of the 

. . 

channel and d increases ; at point A^ where d = — a standing wave is formed. 


The primary condition that d be less than 


V2 


mentioned above implies that d is less than 


C^rs 

g 


because V = C -V r V 


be greater than ^ . In the Kutter’s formida, if C = 100, then s must be more than *0032 or the 
bed slope of the channel should not be less than 16 feet per mile. 

Fig. 72 


a 


In broad shallow channels d approximates r. In that case s must 



as follows : . j At 

Let the mass of water C D move forward and occupy the position C^, intimetsecon ' 
point c, let the depth of flow be d^ : width of flow be b : area of flow be Aj. At point D, let aep 

flow be dg, width b. Area A 2 . 

We know, Force = Mass X change of velocity per second. The horizontal change of momen 

w b 

» X X - - , = — i Vi- —ag 

g V , s V 

But Ai Vi = A 2 V 2 or b dj Vi = b d 2 V 2 or dj Vj 


turn is — Ai — A 2 V 2 ^^ t — — ^di t: 


dg Vg: 


Or V, 


di 


d 2 
^2 


di^ 


di 


¥ ^ 


di) : 


2 dj , 

da + di = g . whence 


.( 75 ) 


The height of the wave is d 2 — d^. 
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Fig. 73 


Retaudinci Fi_onv 


Normal Flow 


V2 





Bed ofChanme.i_ 

Fig. 73 shows water issuing from a sluice at a high velocity V into a channel of uniform, width. 
As the water flows on, due to friction against the sides of the channel the velocity V decrease! This 
phenomenon goes on till a standing wave is formed at a point m due to the fact that energy loss is 
proportional to and the increase in depth is only proportional to V. 

The line a m B is the total energy line. At point B, the flow becomes of normal type and water 
moves on in the channel with normal velocity V, due to the bed slope of the channel. The energy 

line is parallel to the water surface and at a height of ^ feet from the surface. See “ The standing 

wave or Hydraulic Jump ”, Publication No. 7, Central Board of Irrigation, Simla. 

The phenomenon of standing wave is liable to occur at the foot of waterfalls, in the exit channel 
of slmces, in the vicinity of under water obstructions, when a steep wooden trough tails into a pond 

of water, on the downstream of a sloping weir, downstream of a contracted water-way, and on the 
aownstream side of bridges discharging in times of flood. ’ 

At the foot of the rapid, forming the left flank of the weir across the river Ravi at the head of the Bari-Doab 
canal, the standmg wave, when the floods are passing, is 6 to 8 feet high, not counting the masses of broken water 
on the crest of the wave. Logs 6 feet m diameter brought down by the flood disappear in the wave. 

Irrigation*" sTmla pIpe?No *7 and Central Board of 


“ When a shallow stream 
moving with a high velocity strikes 
water of sufl&cient depth, there is 
commonly produced a striking 
phenomenon which has been 
appropriately called the' Hydraulic 
JUMP. ” Kg. No. 73 (a) explains 
this. 
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Momentum equation of the Jump : X 


h2 


+ 


2h Vj- 



# h 


Height of Jump: 


irrigatiS:‘^5fc“a “ distributing outletafo, 

and the results of his experiment can be hfd froTth; 

CleveW "oLTo Ts HydrauUc Jump as a mixing device at Kirtland Pumping Station 

1927 ; on the s^m?fub;;cT C the American Water Works Association. Volt 

by S. T. Prokofief in the Journal of the T water purification plant for the new water works at Gwalior" 

oho nr. a standing wave flume, tised to measure accurately the flow of water in open 

Laws built to form the standing wave. The action is based on two fundamental 


(i) The Law of bodies 
falling under the effect of 
gravity, = 2gH, where 
V is the velocity created 
by the head H. 

(n) Bernoulli’s theorem 
which interpreted for open 
channel flows, states that in 
a frictionless channel, the 
Sum of Potential Energy, 
the Kinetic Energy and 
Pressure Energy remains 
constant. In an open channel, 
the pressure energy can be 
neglected by assuming that 
all the water in any Section 
has the same energy as that 
on the surface and thus 
potential energy plus the 
velocity energy remains 
constant. In other words 

V2 

H + = K: This 

means that any increase in 
velocity entails a correspond¬ 
ing loss in head or depth. 
It is, of course, another form 
of the principle of the Con¬ 
servation of Energy. 


Fig, 73b 



Hump Forming STANoiNo-WavE. 



= hlD 'A 

~ f-Hb 

= 3.09'bH^ 


The shallow fast flowing stream over the Hump in the channel cannot obviously 
further as its rate of losing energy is much greater than that of deep slow moving stream whose r 
of losing energy is usually determined by the gradient of the channel downstream. A change m 
therefore take place ; as all intermediate depths are unstable, the stream has no alternative but 
jump to the higher level. This abrupt transition forms what is called a standing wave. 
is merely a means of dissipating the difference of energy between the upstream and do 
stream water-levels. 
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Fig. 73c 
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Side Cow br<x c* F ion s Fo>'rr\iN6 Shanolmg v»ioive. 


Fig. 73c shows another 
form of a standing wave flume. 

Here the channel is constrict¬ 
ed sufficiently to create the 
standing wave. The constrict¬ 
ed area is the throat in which 
the water-surface falls. The 
fall represents the energy re¬ 
quired to create the additional 
velocity in the throat and if 
this velocity is V, then the fall 
in the water surface is re- 

V2 

presented by — . Thus on the 

downstream side of the throat, 
the velocity will decrease and 
water surface will regain its 
previous level. 

If the amount of cons- -- 

triction is increased, the velocity of Ftovv =■ Area ^ V/G-Loc’i F y 

in the throat increases very 
rapidly and the depth decreases 

correspondingly until a point r JL H K v 

is reached when standing wave 3 * ^ ^ " 3 n 

IS form^ed: The size of the - X COnShanh 

throat determines the upstream depth upto a certain limit. Water tries to pass through 

available and so the water downstream is not 

^ords, if the downstream water disappeared, the flow 
hrough the throat will not be affected. The water is said to be free flowing. 

S 

( 5 ‘l'*> upstream aide. 





97. Specific energy of a Channel’s cross 

s^ton. Fig. 74 shows the cross section of a 

channel with a constant quantity of water flowing 
through it. ® 


• ’ • Q — b d X V : V varies as d. 

The specific energy of the stream at the cross 
section consiste of static energy due to its depth 
plus the kinetic energy, without reference to any 
datum height or slope of the channel. (Lewett). 


Specific energy 





Fig. 74 
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Fig- 75 


Km etIc 

twERCiy 



De-pth m 



Eneroy 


In Fig. 75, the static energy, kinetic energy and specific energy for the cross section in Fig. 74 
have been plotted for a fixed quantity of flow and various depths of stream. The static energy is 
represented by the straight line ox ; the corresponding kinetic energy by the curve YZ. By adding 
the horizontal ordinates of these curves, the specific energy line a b c is obtained. It will be seen 
that specific energy at first becomes less as the depth increases, reaching minimum value at point b; 
beyond the point b, the specific energy increases as the depth increases. The depth at the point 
b is the depth at minimum energy and is called the critical depth. For each value of specific energy 
to the right of b, there are two depths for the given quantity of flow considered ; both of these depths 
produce the same specific energy- 

If a horizontal line is drawn through b, the area above this line is called the area of tranquil 
flow, the area below is known as the area of rapid flow. 

The depth at the minimum specific energy or critical depth is obtained from the following 
equation, where v is critical velocity. 

= gd. 


^ = I This term — ^7 is called the Froude number. Hence the minimum 

V(gd) 

energy occurs when the Froude number is unity. The Froude number is a non-dimensional Factor 
governing the gravity effect. If v is exceeded, the flow is turbulent. 

Also depth of a channel for a maximum flow for a given specific energy is the critical depth. 

The reader is recommended to go through the paper No. 212 of P. E. C. Vol. 26 of 1938 on energy theory of 
turbulent flow. 
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Table IV. 

mentioS ^ j"st produces motion in the substances 


(P. W. D. Handbook : Bombay, Page 605). 


Material. 

Feet per 
Second. 

Material. 

Feet per 
Second. 

Soft Earth. 

• • 

• * 

0*25 

Gravel and Coarse Sand 

• • • • • • 

1-0 

Fine Clay. 

• • 

• • 

0*25 

Pebbles 1 inch diameter 

• • • • • « 

2*0 

Soft Clay. 

• • 

• • 

0*50 

Pebbles, egg size. 

3 0to 3*3 

Finest Clay 

• • 

• • 

0-50 

Stones, 3 inches diameter 

• • • • 

5*0 

Fine Sand .. 

• • • • • • 

• • 

• • 

0-70 

Boulders, 6 inches to 8 inches diameter 

6*6 

Coarser Sand 

• • 

• • 

0*80 

_ 

Boulders, 12 inches to 18 inches 
diameter 

•• •• •• •« 

10*0 


Table V- 

Relation between mean velocity, hydraulic mean depth and erosive power of a stream. 

(P. W. D. Handbook : Bombay, Page 605). 



There is no SCOUR 
in a channel of H.M.D. 

Until a mean Velocity 
is reached of. 

Fine Silt 

Feet 

Feet per second 

•• 

1*0 

0*40 


2*5 

0*70 


6*0 

0*90 

Heavy Silt and Fine Sand 

•* •• •• •• •• 

10*0 

1*0 

1*50 

0*9 


2*5 

1*6 


6*0 

1*75 

Coarse Sand 

10*0 

2*26 


1*0 

1*75 


2*5 

2*25 


60 

3*0 

Small Pebbles (size of Peas) and Gravel 

10*0 

1*0 

3*5 

2*25 


2*25 

3*0 


6*0 

3*5 

Large Pebbles (Hen’s Egg size) and Coarse Gravel 

10*0 

1*0 

4*5 

5*0 


2*6 

6*0 


5*0 

7*0 

Large Stones 

10*0 

9*0 

* •• •• •• •* 

• • ♦ ♦ • • 

1*0 

15*0 

• 

10*0 

23*0 
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Tablk IX. 

Values of 8 and 

To find V S for a steeper slope, look out a slope 4 times as flat and malttplj W > hf t. Thm hr I ■ 
V^is -07071 X 2 = -14142. 


Slope 

1 in 

S 

Vs 

Slope 

1 in 

1 

8 

t 8 

1 

100 

•010 

•1 i 

350 

.U»llt57 

nma 

150 

•006667 

•08165 

400 

•0025 


200 

•006 

.07071 

460 

-003174 


250 

•004000 

.06325 

2.VMI 

< 

k * * 


300 

•003333 

•06774 

27tH> 

P 

1 

600 

•002 

•04472 

.3iN)0 



550 

• • 

•04264 

.^3l.0 

1 

01741 

600 


•040H3 

.36tH» 

1 

•ol*iT 

650 


•03922 

1 4(HM) 

• 

•IftU 

k 

700 


•037HO 

45<»0 


• 1441 

750 


•0.3652 

5000 


•1414 

800 


•035.36 

5V8I 


••thiO 

900 


■0.33.33 

1 64NM> I 

1 

•tm 

1000 

•ooi* 

•03162 

1 65«H» 

1 1 

1 ♦ • 


1100 


•0.3015 1 

! 70tK» 

754MI 

J 

rllth 

1200 


•02887 ; 

' 

■<>t 115 

1300 


•02774 

84N)I) 


•III* 

1400 


•02673 : 

J 

i h5<M» 

I 

•O 

1600 


•02582 ‘j 

1 90<Nl 

1 

‘4‘»pvis 

1600 


•025<M» j 

KNIOO 1 


•4 

1800 


•02.^37 1 

2IM)00 1 

1 

1 

* * 


2000 

2200 

2400 

•0006 

•022.36 

•02132 

•02tUl 1 

1 

1 




Exampleji : —1. A small earthen channel has a bottom width of 6 fsei. side afefws | 
slope 1—1000. Find the velocity and discharge ? 

See Table No. I : N =* -025 : From Table No. VI. Area -- 2J-5 aq. fsei. H-M.U. 

2*4 + 2*9 



I 


« I ‘77 ft. 


VIT, V 


= 2-OS Feet per second :Q*22*5'^ 2-65 — M-tS 


Also SCO Nomogram No. 5 ( Fig. 76 ) : C, the coeflicient in Kntte* a fnrviala is 





1 


2*604 ft. per second : Q * 22-5 x 2*6lM * # 


= 62 X 1-77 X 

2. An earthen channel has to discharge 500 cusecs with a velocity of 3 fret per 
the available slope of the ground surface : side slope half horizontal to ooe vsrtisal 
N = -025 : find the depth and bottom width. 

(a) In Plain ground : From Table III. the limiting depth, for a velocity of ) ft. 



i 


The area of section will bo = 


600 


166*66 sq.ft. See Table VII. For dope 1 


Tel.lft^ 



Hydraulic mean depth r = 4 feet* 
See Table VI, 


R. ft. 

Bed-width : ft. 

3-43 

40 

3-95 

90 

415 

40 

4-37 

35 

4-61 

20 


Depth: ft. 

4 

5 
5 

• 



lao 


i 


4 




























kutters formula 

EXPRESSION 



PlCr “76. 

homogram IS«5 

FOR CMAWrHELS ANORIVERS. GRAPHIC REPRESENTATION OF C IN THE 

I'iti 'OOS0I 


Kwnrftaft foaMULA •( Cm 





WHCOk 


N. IS A COEFFICIENT VARYING FROM‘OIO TO 030. AND DEPtNDlNO ON THE ROUGHNESS OF ThE CHANNEL 

r. IS the hydraulic mean depth, s. is the Sine of the longitudihal slope 

a 

SU CURVES ARE DRAWN A BC.D.E..F. CORRESPONOiNG WITH TUE vAR'ouS MATE-RIaLS OF WHICH 
CHANNELS, CULVERTS. <SC. ARE USUALLY FORMED. 

THE VALUES OF C ARE MEASURED VERTiCALLY.THOSE OF THE HYDRAULIC MEAN DEPTH 
HORIZONTALLY. 


I 

' i 


I I 


I 


I-*- 


• -- 




-- * 






•* - 


Pen tooo 


A 

S*i 0 Pta looo 


• « 


160 


J 4. 


L . 


170 


V 




/ 


160 


* t 


-I 


■ 

r 


♦ - 




4 


130 






I ^ 

n 


« 1 


u 


S« 1 O PIP looo 
AmO up waAOS 




/T 


f 


T 


NiJO 


IMf o 






1 . 




_i - - - 


17^00 


s< 







1 

















^ 1 F 

7 




*— 

rV 

n 

1 ^ 









1 

^ J 





U 

• 1 







1 1 





o PeP tooo 

AND ua«*»AAOS 


X 


1 


u 


I I 


_ i-i 


If C^o 


- I 


J_ 


looeo 




M 


I 


Sc 0*i PSPIOOO 

D 

s«i. 0 FkP lOoO 
and UPWAAOk 




1 . 


1 


A 




9- 7o' 


* 


,- 4 - 




_ 

^_r • 




J I 


^ I 


1 

I 




u 


5«0'i PCP 2000 

E 

S-2 0 PF^ 

AMD • 

%*C i P2P 2000 

F 

\mi*0 P&B ^OOO 

kMD 


sc\ 


IL 


-f- 


J, 


X 


3c 


m EACH Of T»4e sviTifcit A.8C.0.E F. the fuit'uNt G«vis 
VALUtS fO« A S^PC OF 1*0 »M lOOO t LPWA«0$ THE. SaO«tEM 
JtilL FOP A SLOPE Of O l w 1000. V^LUE^ FOP WTEPKffATe 
Slopes may m mTtRPOtATto. the curve Foa a slope of o-2 

LYMC HtARLY MIDWAY »t*Twl6H THE CURvtS Fa# JO AHO O 1. 


i I 


l 


70 


lio 120 

COL. H-D.UOVE 5T E 


HYOQ^UUC MtAM OtPTW 





























































































































































































































































































































































































































































































































































































































































































Open Channels. Uniform Flow. More Or Less Clear Water 


From Nomogram 5 (Fig. 76), R = 4 : c = 74 : 

V = cVr Vs= 74 x2x *02 = 2*96 feet per second. 

From Nomogram No. 6 (Fig. 77), also V comes to 3 ft. per second. 

(6) If the earthen channel is to be built in the sloping sides of earth Hills, as in the case of Power-Duct 
at Khandala G.I.P. Rly., for Tata Hydro-Electric Scheme, the width should be less and depth more, proportionately 
as under. 

From Table VT, Bed width = 16 feet: Depth = 8 feet. 

VR =2*17 : Area of channel = 160 sq. ft. side slopes Jtol:C = 78:V = C‘^ -^3= 78 X 2*17 X *02 

= 3*38 Ft./s. K the subsoil water level is 8 ft. below the ground surface, then reduce the depth and increase the 

width. 

3. In an earthen channel with vertical sides, bed width 70 feet and depth 5 feet, the surface velocity at the 

centre is 3 feet per second, N = *025 : ^^^lat is the mean velocity Vm, in the whole channel ? 

See last 2 paras of article 89. The mean velocity Vc on the central vertical line of the channel = Vs X *89 
= 2‘67 Ft./Sec., Vs being surface Velocity at the centre viz. 3 Ft./Sec. 

The mean velocity Vm in the whole channel is = Vc X *94 = 2*67 X *94 = 2*52 ft. per second. 

Note. —i. Nomogram No. 5 (Fig. 76), gives values of c for different values of n, s, and R. Then V can be found 
from the formula V = c vR VS. 

i». Nomogram No. 6 (Fig. 77), gives relative values of V, n, R, and S : Based on Kutter’s formula. 

From the intersection of the H. M. Radius R and n follow the vertical line to the intersection of S and V ; 
or from the intersection of slope S and V, follow the vertical to the intersection of R and n. 

(U. S. Dept, of Agriculture Bulletin 852 : 1920). 
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CHAPTER XII. 

Irregular open channels. 

99. Channel with varying cross section. 

When the flow is variable, the loss of head from resistances is the same as in a uniform stream 
provided the change of section is gradual and the length of the channel is short so that the velocity 
and hydraulic radius change very little. The formula V = C vr aIs~ applies to a variable stream of 
a given length, provided the cross sections at the ends are similar and velocities equal, and the fluc¬ 
tuations in the cross sections between the two ends are moderate. Though ‘ s ’ varies from point to 
pwint. It is the total fall from end to end that counts. It has been ascertained that a variable stream 
IS less eflScient than a uniform stream of the same mean section or in other words it must have a 
great total fall in order to carry the same discharge. 

100. Channels with uniform cross section, uniform slope but variable flow. 

This is a case of sullage drains and sewers in towns and cities and forms the subiect matter of 
Chapter No. XV. 

Inundation canals also come under this head. 

101. Channels with varying cross sections, varying bed slopes and variable flow. 

This is a case of mountain streams, torrents and rivers. In Himalayas the streams carry 
during dry weather, water due to melting snows and their discharge can be easily measured by form¬ 
ing a uniform channel in a suitable length of the stream. 

The torrents carry flood water during rains and the discharge can be calculated from flood 
marks in a straight length of uniform section and uniform slope. 

The case of rivers forms the subject matter of a separate chapter No. XIII. 

102. General remarks (Bellasis). 

(i) Bends :—At a bend there is a ‘ set of 
streams ’ towards the concave bank, the 
greatest velocity being near that bank ; 
and there is a raising of water level at 
that side so that the water surface has 
a transverse slope. 

Fig. 78. There is also deepening 
in the concave bend and shoaling at the 
convex side. This is not all due to the 
direct action of the centrifugal force. 

The high water level at the concave bank 
due to ccnirifugal force gives a greater 
pressure and tends to cause a transverse 
current from the concave side to the 
convex side. This tendency is in the 
greater part of the cross section, resisted 
by the centrifugal force, but the water 
near the bed and sides has a low velocity, 
the centrifugal force is therefore smaller 
and transverse flow occurs. The solid 

material is thus rolled towards the covex . j^^el 

banks and it accumulates there because the velocity is low. To compensate for the lo 
currents towards the convex bank there are high level currents towards the concave bank. 


Ffg. 78 
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fig* dotted line shows the direction of the strongest surface current and the arrows 

show the current near the bed. This explanation is due to Thomson and has been confirmed by him 
experimentally. 

(it). Changes of section :—Take the case of a bridge pier in a stream, or a spur at the bank 

of a river. The section area is decreased and velocity increased. Hence scour takes place 

alongside the pier due to increased velocity and downstream of it due to eddies, leading to the 
formation of holes in the bed. 

In a short deep recess in the bed or bank of a stream, or downstream or an obstruction, if it is 

large enough to cause dead water, there is generally a rapid deposit of silt, but not where strong 
eddies occur. ® 


ch&nge in the discharge of a channel, for effects of alterations in a channel, effect of a weir or 

I^pere issued by the ^jab Government Irrigation Branch Secretariat from time to 
time ; also Bellasis’ Hydrauhcs, Chapter VII complete. 

Note Figures 79 to 90 will appear in 2nd Edition of this book. 


A 1 ^ ^ a given discharge, there is only one curve of 

heading up and one of drawing down, whatever the cause of variable flow may be. Practically, the 
curve extends to a limited distance beyond which no change in the natural water surface is per¬ 
ceptible, The form of the curve is not exactly known. 

V. Variable flow .-—In uniform channels, ‘ natural flow ’ and ‘ uniform flow ’ have the same 
meamng. 


Fig. 91. 



a variable channel in different lengths and the water surfaces also in different 
I ’ to ^schaiges. The water surfaces are termed natural surfaces. The bed consists 

or pools and rapids. In submontane districts at the foot of Himalayas in India, the rivers and torrents 

'iP in some places it draws 

down or these may counteract each other and the flow becomes natural. ^ 

The surface slope is given by the formula V = C vrVs , where ‘ s ’ is the surface slnr,e 
Q =“1 V of water surface and d the mean depth. Then roughly 
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If from any cause, heading up or drawing down occurs at point F, the water surface will un- 
dula,te, approaching the nati^al surface towards A. The greater the depth of water in the channel 
the less the efEect of inequalities in the bed. A stream at high water has a fairly uniform surface 
slope and at low water forms a succession of pools and rapids. 

A stream may be so irregular in plan and section that the direction of current is not parallel to 
what may be seen to be the axis of the channel and the water surface far from level across. The 
irregularities are due to curves, obstructions, specially at low water. 

In a variable stream, a short length L can be found in which the flow is uniform. Slope can 

be ascertained & so the velocity by observations. Velocity can be also calculated from V = C Vr -nS". 
Thus the discharge can be found. 

VI, Simple waves :— 

Fig. 92 



When more sluices are opened, the water surface is cc and a wave cc^ travels along the lower 
water surface. 


The canal department has fixed up gauges at different points of the canal. The re^n^ 
which must be very accurate are taken at stated intervals. The surface curve of the wave, whic 
convex in the above case, can be plotted from these gauge readings. When the supply of water 
the canal is regularly closed, the water surface in the canal falls and concave surface waves are lorm 
on the outside of the regulating gates. 


The length of such waves is generally very long. 

The River Indus, biggest in India, rises in flood during the rainy season of JunetoSeptemto- 
The flood water level being higher than the water level in a tributary travels in the form of a 
along the water surface of the tributary in the opposite direction. It is very interesting to see 
phenomenon. 


We will now say something about the surface waves in the channel where the 
is very great. The transmission of a surface wave is brought about by a local 
face water (Fig. 93). Each particle of water on the surface describes circles as shown in the ngure 
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Fig. 93 



If V 
L 


velocity of wave 
length of wave. 


V 



(Lewett).. 


« formed where a river enters a sea. Tides in a sea enter the river through an estuarv 

Such subjects are dealt with fully in treatises by Marine Engineers on “ Docks & Harboms.” 

Fig. 94 


A 



circulation oJ ^ in shallow water. Here the wave is transmitted by the local 

circulation of particle of water near the surface. ^ 


V — velocity of the wave h 

V 


mean depth of water. 


^ gh (Lewett) 


79. 


effect storage reservoirs across flat valleys, where the fetch of the waves is very long the 

enect due to wave action is specially pronounced. 

h = 1.5 vr+ (2.5-4vr) . 79a 

h = height of waves in feet: / = fetch of wind in miles (Stevenson). 

The force of the wave when it breaks against a masonry wall i 

= mass of water in lbs. 


IS 


m X V 


m 

V 


— velocity in feet per second. 

a maximum height of the wave is 6 feet, the stability of a masonrv dam is calcnlatpd 

a depth of storage 3 feet above the full reservoir level. This is the usual practice 

(w). Flow in expansions in open channels. 


amio 
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CHAPTER XIII. 


Rivers 

103. Preliminary :—Rivers are irregular natural channels. India is lucky to have good many rivers, whicb 
through canals irrigate large tracks of country and make India pre-eminently an agricultural country. 

The rivers in the North and Northwest parts of India are snow fed from the Himalayas and therefore pervnnial. 
Those in the Central parts and Southern parts depend for their water supply on rains, spring water and nepaiie. 
During Summer rains, they bring down large volumes of flood-water and innundate large areas of surrounding oountiy. 
The river Jumna rose in highest flood in 1924 and the river Indus, fed also by five tributaries of Punjab, was in very 
high flood in the Summer of 1948 and its discharge at Sukkur was 800.000 cusecs, wiping out about 200 villagrt. 

A river is a natural channel irregular because the discharge varies with variation in section, bed slope, and 
velocity at diflerent times of the year. In plains, due to obstacles in the flow of water, the course is winding with 
diminution in bed slope and velocity. The solid matter detached from the bed and banks is carried along as sUt and 
sand, depositing where the velocity diminishes. During heavy floods the river makes fresh channels for itself where 
it enters the Sea. resulting in the formation of “ deltas ** of rich alluvial soil, wherever the banks approach each 
other the section of waterway is contracted, the water heads up to produce the velocity necessary to carry the dia- 
charge through the contracted section. Hence the surface slope on which the velocity depends, is not generally 
parallel to the bed slope. 

A river, specially at low water, may be a series of separate streams, with numerous junctions and bifurcatmw 
This is the case with Indus at Mianwali on its left bank and Isakhel on right bank in west Punjab. The overall wi^h 
of the bed is about 10 miles which is a fine sheet of water when the river is in flood. Since a small cro« section tends 
to cause scour and a large one silting, it follows that every stream tends to become uniform in swtion, to 
obstructions, to assume a constant slope and to become curved in such a way that its velocity will suit the soil through 

which it flows. 

The river Jamna was in highest flood in 1924, at Delhi surpassing the previous floods on records. 


104. River Discharges, (Punjab Engineering Congress 1945). 

Instruments and appliances used by Engineers nowadays, to calculate the velocity ^ dis- 
charge through channels ace described in chapter XVI. Here only mention will be made of the *ame. 

(а) Selection of discharge site :— 

The river should have a straight reach with regular stream line flow and no bei^. The 
section should be regular and deep, with stable bed and sides and suitable for regular gauge 
relationship. The site should be easily accessible and free from cracks, free from projectiona 

bed or side, free from rapids, falls, etc. 

(б) Spacing of sounding points :— 

The distance between sounding points depends upon the width of the ^ 

bed and accuracy required : see rules of Punjab Government on this subject. The Principe 
followed is that in the portion of the section where the discharge is concentrated, the segmenw 
nearer, and farther apart in the slack portion so as to have segments of more or less equal aiscn g--- 

(c) Procedure and equipment:— 

At each discharge site the foUowing is required. A boat with “ 
current meter, stop watch, a torpedo float with cotton cord. Pocket sextant, a levelhng 

and flags. __ rtf rwift 

Cross section line is marked by three flags, 200 feet apart on each bank. In case 

currents, the boat drifts down and flags 25 feet apart are fixed for a requisite 

of the cross section line. • u t>« * 

In case of narrow streams, say up to a width of 1000 feet as is the caM mth^^» ^ 
winter, the section line is marked across the stream by means of a v^, on which peM^ ^ 

at sounding points. The boat is held by another wire, stretched a little upstream, so as 

rack and pinion under the pendants. 




126 







Rivers 


When streams are too wide for stretching a w 
point method which is described in Figure No. 95. 


Fig. 95 


A* 





From point A on the cross section line on the bank, a line A Pat right angles is drawn and from a 

section line is drawn. The ratio PD : PA is generally kept 1 • 5 
and the length of A P is 1000 feet or upto half the width of the river. On the line D D'f poiSts say 

20 feet apart are marked ^d rays from P passing through these points intersect the section line at 

^1 -^2 ^3 each 100 feet apart, as is evident from principles of similar triangles. The point P is called 

( 4 ^ 1 . points are marked by cement concrete blocks with holes for flages. The use 

of theodolite for marking points and lines is advisable. ^ 

J^der than 2000 feet, pivot point layouts are made on both banks, for work by two 
oifierent parties from the two banks. i-wo 

I ®®ctmn of the river being divided into segments, the boat is taken to a station by a wire 

necessary in case of rough water and very high velocity) or by a pivot 
point method. Then the soundings are taken and the section of the river is plotted on paper. ^ 

n fin ®f ^ .^’^^mnt meter, the velocity is ascertained by lowering it in water to a point 

of flip bed, D being total depth : This is the mean velocity (not applicable to hilly torrents) 

vplopif ff ^ surface float is used, this mean velocity is 0.89 of the surface 

article 89. Knowing the areas of the segments and the mean velocity of the same the 


c 


In the absence of a current meter, velocity is ascertained from Chezy’s formula V ^ , 

mean deS K channel by taking bed or water surface levels. The hydraulic 

for value^of the section of each segment into which the river is cbvided ; 

of rugosity as varying from .02 to .03, depending on the condition of the river. coetficient 

speoially^ifvMfcim^* vi* ® ^®®P't*'® of n was found to be 0 • 10, the case beinv 

following figures maflj oHntere’st f ^ “ probably due to effect of eddies from the sidef 


River Ohio at Point pleasant 
„ Seine at Paris 

„ Mississipi. 

„ Rhine at Basle .. * .. 


Value of n 
•021 
•025 
•027 
•030 
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Thus having worked out the values of V for different Begments, whose areas are 
discharge is found. 


WTiile working out the di«charge of river Sutlej in winter of IWOO, on the north of 
Buffaloes were used as boats by the writer. 


Ihc above method of calculating the discharge by Kutter's formula U also apfdKmUe 
case of rivers, flowing between two high cliffs, where the great \-el 0 cit 7 will not (lermit of I 
used. If a cross section of such a stream is taken in dry season and ^dotted on tW 

marks on the sides of the river can also be marked on this cross section and disrharifee wfwM 
This method is very useful in the case of large rivers like Indus, Gangra and Jumna whiW la 



la th» 

13 



If Q be the discharge with measured velocity, and Qj be the required flo^wj 




Q' 

Q 


c Aj -dr 

c A V 


— f 


floods 


so. The bed level is lowered by scour. 


This method applies to different segments of the ri\'er while calculating disrhargr. 

If there is a bridge across a river, the boats can be tied to the bridge at difiereaf |«sbU md 
hydraulic observations made. 


The Public Works Department in India have put up gauges in rivers at nutahAe flnnm mm 
have worked out diagrams of discharges for different depths of flow in the river, tfee rka|4ef XU 
on Hydraulic observations. 

To find out the flood discharge in a riN-er there is another way of solving the |woUe» Ca^ 
culate the catchment area, and the rainfall at the |iarticular period. 

If there be a weir across a river, the discharge over the weir give* the disrharjp of tkm 
This is described in chapter XVI. 


105. Bends in rivers. 

Fig. 96 


Fig. 96A 




ChAMNLI- «H STUAIGMT 
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A* f of bends in artificial channels. Here we talk of bends in rivers. 

At a bend there IS a set of the stream towards the concave bank, the greatest velocity being near 
^at bank , and the water level rises there and the water surface has a transverse slope. (Fig. 96A). 
TJiere IS a deepemng near the cocave bank and shoaling at the opposite bank, due partly to the action 
of centrifugal force. The high water level at the concave bank, due to centrifugal force, gives 
a greater pressme and tends to cause a transverse current from the concave bank to the convex. 

centrifugal force is small and the transverse 
flow occms. Sohd material is therefore rolled to the convex bank and it accumulates there because the 

velocity IS low. To compensate for the low level current towards the convex bank, there are high 
Fi? 9r“Tn of tfie currents are shown by arrows in 

the cmrent near the bed. This explanation is due to Professor James Thomson and has been con- 
lirmed by min by experiment. 


greater velocity and greater depth near the concave 
faUs te Lh TJio concave bank is worn away by erosion near the bed, cracks, 

Sreon together with trees, crops^nd villages standing 




changes but iStT / \ ^ ‘ ’ when its form 

which are subject to heavy floods. There -is thus a scope for river improveffientl Steo^sts 

flubiect^r£3r“>°if Pro-J^ootion of inundations and the removal of obstructions. This 

subject IS dealt with m manuals on irrigation works. 

For River training'and control see paper No. 275 by A. M. R. Montagu—P. E. Con. Volume (1945). 

in the riv!; , Scout in the bed of rivers :-There is a certain stage of water level 

cbservSn or H^ ^ determined by 

flenth Tlf relatioMlup which exists between the rise of water level and the corresponding 
E.P. Ely (see NoSp"i 0o4S'94lf “■* GurdiaJsingh, engineers on 

•a result^if velocity in the whole cross section rises as 

e m water level. Assuming the slope of water surface to remain constant, the velocity 


Area 


A 

P 


■can only increase by increase in the hydraulic mean radius i.e. in the ratio __ 

wetted perimeter x 

briumTonffitin?tCi^ ‘ ^ a faster rate than ‘ P ’. It is thus clear that under equili- 

is a miTiim f ^ cross section of the channel will tend to assume a form in which its nerimetpr 

‘te bed of the oh.nnel after eco™tS™H 


Tbs is explained in Fig. 97. 
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Fig. 97 



A rise ^ li ^ in the water surface has caused 
a scour ‘ Y \ 

(See Journal of the Institution of Engineers (India) VoL 26, No. 3, March 1946, page 18, Hardinge Bridge oa 
Ganges at Sara.) 

The probable scour in a restricted section can be estimated by the following formula, 

. 97b. 




r = Hydraulic mean depth in Regime conditions, 

Ti = do, do, in worst conditions. 

W = Width of the stream in regime condition, 

Wj = do. do. in worst condition. 

Knowing r^, the worst depth can be found ; this deducted from the H. F. Level will give the lowest point of 


scour. 


(«) Obatruciiona in Rivers :—If a weir is built across a river, it becomes an unnatural obstruction m e 
flow channel. The water level upstream of the river, rises considerably and a pocket is formed Mow the wp 
weir on the upstream side. In this pocket, the velocity of flow is reduced and silt deposits. water 

in front of the Barrage recently built across the river Indus at Sukkur in Sindh. W?®® . ^ 

level falls, the velocity of flow on the upstream side decreases and silt deposit takes place outba 

slope becoming flatter. Some rocky islands out-crop in river Indus, right in the middle, and scour is noi 
upstream of the islands and silt deposit on the downstream. When a rocky spur ^ 

side into the river, severe eddies are formed on the downstream side of wing 

interesting to watch the flow durmg flood season and see how the boats in the nver Anaus 
near the dangerous eddies. In the case of Bridges across large channels, the bed . hriAsfS, 

is found scoured for miles to a depth, sometimes one to two feet below “^^onry Hoore o 

which are left standing up and forming, in fact, submerged weirs. This alone proves the diffic^t ® 

On this difficult and vast subject see “ Minutes of proceedings. Institution of Civil Engmeers Voi. ^ 
papers issued by the Government of India, Irrigation Department, Simla. 

(iti) Development of Rivers .-—The present Government of India are of ®P^9?d»in 
of river vallev projects is of a basic and most fundamental importance. The Tungbudra m JV^drM, ^ 

^ S Cfab, the Damodar Valley in Behar and West-Bengal and the Hirakud dam m On^ have been taae 

hand. Thei schemes were prepared years ago but the British were slow m takmg up their executio 
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CHAPTER XIV. 


Canals, Waste Welrs and Barrages. 

108 . Preliminary, 

^oses (in England).wppUes or for navigation 

=: £ isrtil“s=ir ‘ a s-H*? ^ 

branch to irrigate lands in Kama® fflak fnd^;Uu oLtr^ot^ ’ constructed a 

of 8ilt.K“Jatr to toeSS KarlolS" “ *° September and carry large volumes 

off fro J sL" oftLe o-ly. taking them 

canals in the districts of Deragazikhan, Muzzafargarh. MrJtan and norttexamples are 

times W^ndsoieS of depending for their supply of water on floods in rivers, which were some- 

the so Jc^ otiSXraKS?^^^ Nile river and the canals therefrom were 

some w"X“^to^“^^-^ore the British conquered India. 

water a?aTdt“f‘^flSwXTutln^®^ canals were so proportioned that the velocity of moving 

transported through disSurrfoZlXK^^^^^ 1 ailt wa! 

Sto- 

instrument y«S ^^^8^^^d no modem scientific 

centuries Damodar), in Tanjore district (Cauvery Delta), canals were built several 

bridg JaedtMe'L®°’'''““®“‘ aU these old canals and provided them with modem Head regulators. 

otall 

Chapters XI and XII deal with principles of design for canals carrying more or less clear water 


Ji » 

(a) Movements of solids by a stream. 


water 


when by rolling wu car^g them in auspenaion, they are known as ‘ silt ’ • 

XXtanXidet''*- ^rm^nsTeXeTod Ug^e^clt^fT^^tudlnH^^^^^^ mtttn^ 

channeUt^ri ^d to^ilri*^"^ materiaU by eroding its channel, it is said to scour. When it deposits materials in its 

-id toiX “^ t°a1t?e:t AffS^ :^I%e?rt Ln^Tl^t^: si XoSg“ii^ be?"^® " 

vy grades of adt becomes less and less and so on tifi the very fine silt is left at the^il ’ P"°P°"- 
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Very flat slopes and low velocities are sufficient to carry very fine silt in suspension. 

During summer rains, there is more silt and consequent deposit in the canals, creating steaper grade in the water 
surface levels. In winter, some of the silt is washed down further below and the slope flattens. 

A channel is said to be in steady regime when the state of flow is such that the bed and sides remain constant 
in position and grade. By “ final regime ” is meant the final steady state of a channel reach, which has formed its 
own section and slope in its own silt. 

It has been observed that both the silt charge and grade increase from the surface to the bed of the channel, 
also the silt charge varies from day to day, from season to season. 

(b) Discovery of Kennedy Law. 

The British Engineers in Punjab designed canals on the basis of Chezy and Kutter’s formulae as given in article 
No. 88 of this book, taking the value of n as 0-0225 for channels in alluvium. They took no account of the sand, 
pebbles and silt coming into the canal. 

Early in the nineties of last century, silt troubles arose rather in an acute form in the head reach of Sirhind 
canal, which takes off from the river Sutlej at Rupar. The head reach silted up almost solidly for miles, and lakhs 
bf Rupees were spent on its clearance every year. This was a problem for the Engineers to solve. It was the genius 
of Mr. R. G. Kennedy, the then Engineer in charge of Bari-Doab canals at Amritsar, which solved this problem. 

He made observations on Bari-Doab canal and its distributaries, which he foimd in steady regime, neither 
silting nor scouring and evolved his well known formula. 

' Hia publications are as imder. 

Paper No. 2826, session 1894-95 of the proceedings of the Institution of Civil Engineers, London. 

Hydraulic Diagrams for design of channels. 

Appendix A of the publication No. 20 of the Central Board of Irrigation, Government of India. 

Hia diagrams for designing channels in alluvial soil in Punjab are very valuable. He rightly tak^ 
on Chezy formula, V = C a/T taking Kutter’s expression for C as given in Kutter’s formula article 88. m 
4>hi3 the value of C depends upon * s ’, the slope of the Channel, ‘ r the Hydrauhc mean radius and n , 
cient of rugosity, which has been found 0 • 0225 for channels in Punjab. 

Engineers in the British Empire have come to the conclusion that Chezy’s formula and Kutter » 

^ • - suits than any formula yet known. Mr. Kennedy explain. u» 


for the value of ‘ c ’ give more reliable and constant results 
theory and formula as under. 

He deduced from observations made on the upper Bari-Doab canal tha,t for “‘^thTcbS- 

ing channels in steady regime there is always one velocity and that velocity is 9^ ^ formed which travd 

He caUs this “ critical velocity.” When water flows along the bed of the channel, „ "^dies from the 

vertically upwards, get weaker as they approach the surface and mamtam the sflt m • roduoed keep* 

sides of the channel travel horizontaUy and have no silt supporting power ; the turbulent flow thus produoea 

the silt in suspension for miles long in the channel. 

He calls his critical velocity Vo: We call it Vc. Thus Vc = 0*84 D ° ^ ^ ^80. 

. 

coefficient) . , 

He lays down that velocity greater than Vc for a particular depth will scour and veloci y 

than Vc will deposit silt. 

The value of C depends upon the character of the silt. Thus C = 1 • 00 for fine 
silt in the rivers of northern India and in Bari-Doab canal. 


4 . 


1 • 10 for somewhat coarser light sandy silt. 

1-20 for sandy loamy silt. 

1 - 30 for rather coarser silt or debris of hard soils 
0-70 for silt of River Indus in Sindh. 
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As regards the quantity of silt in suspension, IVIr. Kennedy found that if C = 0-90, only 77 per cent, 
of the full charge of Northern India silt can be carried along and if C = 0-80, about 57 per cent. 

^e depth of non-silting and non-scouring flow is often required to calculate the depth 
of foundations for abutments and piers of bridges. 

For this purpose the following formula of Kennedy is useful. 


D 


(Vc)i- 


56 


m 


81. 


where D = depth of non-scouring and non-silting flow. 

Vc = critical velocity which causes neither silting, nor scouring 
^ scour coeflS-cient for the material of which the bed is composed. 

For ^avel and boulders m varies from -8 to 3-5: M.E.S. Hand book Volume III, 1935 Edition. 

pa^s 38 to 48 suggests that foundation should be taken to a depth of l^D to allow for factor of safety. 
Ims gives reasonable results. 

Iv aa 'paries as the square of velocity, transporting power varies approximate- 

7 . ihe size of a particle moved by a stream over a smooth sandy bed is given approximately by the 

formula, d = inches .. 82 _ 


density in lbs. per cubic foot of sUt and V is the velocity in feet per second (‘ Engineer ’ May 16, 1908, 


of silt 


If Vi be the velocity to carry Qj the quantity of sUt, and Vj he the velocity to carry Q,, different quantity 
ilt, then Q, = Q, ^ i ^ 

loamv V *■’ ?®'‘®raUy J to i of bed width in SINDH Inundation canals, dug through firm 

velccIt'KTiTcaS “ and non-sfouring 


canals diagrams to d^ign channels in Punjab so as to prevent silting and scouring in 

the hydraulic potion of the depth of flow and he omits the width of the channel or the value of r, 

and al^nce designed from his diagrams have worked weff 

01 silt deposit m them has saved Government large sums of money, 

withouSv^^lw^r! Kennedy’s theory is that it aUows channels to be designed in an infinite number of ways 

y consideration of what the channels were trying to settle down to permanent section (Blench). 

ohanne?'”w'hfph^ useful, Mr. Woods prepared his tables of normal data of design of Kennedy’s 

aSpt^hri; this enabled the Engineers to defign bed widtos 

diagra^faStdlv’®;^,®? Engineer in P^jab P W.D. seeing that some channels designed from Kennedy’s 

ing^ngress in 1919^’ T lower Chenab Canal and presented his results before the Punjab Engine^.- 

diacha^T^rilt laden TV* ordamed only certam bed widths (neither more or less) for particular 

of channel.” ^ water. This means that there is a sort of relationship ^tween the discharge and dimensions- 

the wateS^^rthelw “ supported by the fact that River Indus in North Sindh, where it flows along' 

the river as^t dii^g ^^7 channel in the alluvial soil brought down by. 
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Table No. X, 

Showing critical velocities for various Depths (Garrett). 

Vc = C'84D'®*, see formula 80. 


Velocities transporting different materials. 


Material. 


Bottom Velocity in feet/sec. at which 


Depth 
in feet 

D 

Critical velocities corresponding to values 
of C, the silt ooefi&cient. 

•8 

'9 

1-0* 

1-1 

1-2 

1-3 

2 

1*04 

1*17 

1-30 

1-43 

1 

1-66 

1-69 

2-6 

1*21 

1*36 

1-61 

1-66 

1-81 

1-96 

3 

1*36 

1-63 

1*70 

1-87 

2-04 

2-21 

3-6 

1*50 

1-69 

1-88 

2-07 

2-26 

2*34 

4 

1*63 

1-84 

204 

2-24 

2-45 

2-66 

4-6 

1-76 

1-98 

2-20 

2-42 

2-64 

2-86 

6 

1*88 

2-11 

2-36 

2-69 

2-82 

3-05 

5-6 

2-00 

2-26 

2-60 

2-76 

3-00 

3-25 

6 

2-11 

2*38 

2-64 

2*90 

3-17 

3-43 

7 

2*34 

2-63 

2-92 

3-21 

3*50 

3-80 

8 

2*54 

2-86 

3-18 

3*60 

3-82 

4-13 

9 

2*74 

309 

3-43 

3-77 

4-12 

4*46 

10 

2-93 

3-30 

3*67 

4-04 

4-40 

4-77 

11 

3-12 

3-64 

3*90 

4-29 

4-68 

6-07 

12 

3*30 

3-71 

4*12 

4-63 

4-94 

6'36 


* Applicable to Bari-Doab Canal c 

>f Kennedy. 





Tran sportation 
begins. 

Material is 
in equilibrium. 

Deposit 

begins. 

Coarse sand . 

• • 

1-07 

•71 

•62 

Oravel, size of pea 

• • 

•71 

-62 1 

•71 

Gravel, size of small bean 

• * 

1-69 

1-07 

•71 

Bhingle, rounded one inch or more 

• • 

3-20 

2-14 

1-66 

Flints—size of hen*a egg 

• • 

4-0 

3-2 

2-14 

134 






































































CanalSj Waste Weirs And Barrages 


(c) Mr. K. R. Sharma, also an eminent Engineer in P.W.D., Punjab presented his paper “ Design of Irrigation 
Channels to the Institution of Engineers (India) in 1936 and has gone thoroughly into the question of the design 
of canals carrying silt laden water. He supports Kennedy’s theory and suggests some useful improvement in his 
paper, which is worth reading. 


According to Kennedy, the amount of silt per one Cubic foot of water varies as 


3 

IT 


d (depth of flow) 


83 . 


Effect of outlets on the grade of silt. 

Let d represent the diameter of the average particle of silt in a channel section, then 

d^ Q varies b . 

the value of n being in the case of Punjab canals. 


84 


Table No. XL 


Multipliers for reducing velocities and discharges in trapezoidal channels calculated for side slopes of ^ to 1 
^see Table VI) to corresponding velocities and discharges with side slopes, vertical, 1 to 1, and 1} to 1: 


Bed width 
depth 


•8 

1-0 


1 

1 

1 

1 

2 

2 

3 

3 

4 

4 

5 

6 
7 
S 
9 

10 

12 

14 

16 

18 

20 

30 

40 

60 

70 

100 


2 

4 
6 
8 

0 

5 


Multipliers for Velocity 


Multipliers for Discharge 


Vertical 


79 

82 

84 

86 

87 

887 

913 

927 

939 

947 

963 

956 

964 
970 
974 
978 

980 

985 

988 

990 

991 

992 
995 
997 

997 

998 

999 


1 to 1 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


12 

09 

07 

06 

05 

04 

036 

023 

015 

oil 

008 

007 

004 

003 

001 


1-000 


rtO 1 

Vertical 

1 to 1 

IJto 1 

1-17 

* • 

1-56 

2-05 

1-13 

•52 

1-46 

1-88 

1-09 

•67 

1-39 

1-76 

1*08 

•62 

1-34 

1-64 

1-06 

•66 

1-30 

1-66 

1-05 

•69 

1-27 

1-50 

1-040 

•711 

1-245 

1-458 

1-022 

•760 

1-194 

1-361 

1-010 

•795 

1-160 

1-300 

1-005 

•822 

1-137 

1-267 

1-001 

•841 

1-120 

1-224 

1-000 

•857 

1-108 

1-198 

•997 

■870 

1-096 

1-178 

•995 

•890 

1-080 

1-148 

•993 

•905 

1-068 

1-126 

•993 

•916 

1-059 

1-110 

-993 

•926 

1*063 

1 1*097 

•992 

-936 

1-048 

1-087 

•993 

•946 

1-039 

. 1-072 

•993 

•954 

1-033 

1-061 

•993 

•960 

1-029 

1-063 

•994 

•964 

1-026 

1-047 

•994 

•968 

1-023 

1-042 

•995 

•979 

1-015 

1-028 

-996 

•984 

1-012 

1-021 

•997 

•987 

1-009 

1-017 

•998 

•991 

1-007 

1-012 

-998 

•994 

1-006 

1-008 
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How to design section of the channel;_ 

r era”„tion7.aoS; 

L= r=£ 5- rr. “ “ - - 

» 4 

Stand sSe sfops^ofVtoT'‘frot ' -o*-" -iU 

Theory and Kutter’s formula, the coefficient of rugo^tVNSgKennedy•» 

the maltoum dlaSrtf^euTnl^^^^ HydrauUc research laboratory and ascertain 

works ofThTcatr^eVciut ^ 

X C The P*® non-silting depth of floW in the canal is given by the Formula No. 80 : Vo = 0-84D “ 

X O. The value of C m our case is 1 • 10 : and Vc is 3-6 ft./seo. maximum. Then D is 8 ft. from Table X. 

4 

From Nomogram No. 6, Fig. 77, with a aa 1 /6000, V as 3 • 6 ft./sec,, and N as • 0226, value of R, the Hydraulic 
mean Radius is about 8. As the discharge is 6000 cusecs. the area of water-way is -^522. = 1428 sq. ft.: 

= 178*6 feet. The depth being 8 feet, side slopes } to 1, the bed width come* 

n bottom, depth of flow 8 ft.: Bed slope 1-6000, 

<4 = 6000 c. secs, mean velocity 3*6 ft./sec. 

FromNomogram No. 6, Fig. 76, o = 90 : R = 8 : N = *0226 ; = *0141: V = o V R = 3*6 ft./seo. 

If the level of water in the canal falls, the velocity decreases and transport of silt is affected. See Table X. 
Suppose now, our canal is required to carry 2600 cusecs. only. To carry on the silt. Velocity must remain 


wetted perimeter is 


1428 
8 


3*6 ft./sec. In that case the area of water section is 


2600 

3*6 


= 714*3 sq. ft. To maintain the critical velocity. 


714*3 


8 


= 89*3 ft. The 


the depth of flow must be 8 ft. and the H. M. R as 8 feet. The wetted perimeter is now 
side slopes are J to 1 : our water section now is : bed width 71'-3'': depth 8 feet. Bed slope 1-6000 : 

Thus a non-silting and non-scouring channel can be easily designed to suit any bed slope. It is the depth of 
flow that controls the transport of silt. Kennedy’s Diagrams, modifled by eminent engineers are nowadays available 
in the market. 

Kennedy based his theory on the charge and grade of silt present in Bari-Doab canal during the last quar¬ 
ter of 19th century. He fixed the value of c in the formula No. 8 as unity for Bari-Doab canal silt, which is now o f 
different grade as reported by engineers in charge : Thus the formula No. 80 depends upon the nature and quantity 
of silt present in the parent channel from which the canal takes off. 

(d) J\Ir. Gerald Lacey, another eminent Engineer of P.W.D. in United Provinces of Agra and 
Oudh in India, finding that Mr. Kennedy did not take cognizance of bed width and Hydraulic mean 
depth of a channel in his theory, brought out after great thought and labour his following theory. 

The velocity, the hydraxilic mean depth, the wetted perimeter, the rugosity of channel sides, 
the quantity of discharge, the bed slope had all among themselves a correlationship to produce flow 
in a canal which will prevent silt deposit, scouring of the bed and sides and growth of weeds, in other 
words to keep the channel in first class “ regime (The ancient Engineers had some knowledge of 
tHs theory as proved by their silt canals in Sindh and Punjab.) 
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His contributions to the science of Hydraulics are unique and his publications are• 

(t) Paper No. 4893 : Imtitution of Civil Engineers (London) also Vol. 229 and Vol. 237 ; (w> 
U.P. Technical Paper No. I; (m) Paper No. 47361.C.E. (London); (tv) Government of India, Central 
Board of Irrigation. Paper No. 20; (v) Hydraulic Diagrams. 

Lacey's formulae. 


Vo — actual Regime velocity in a canal called critical velocity. 

Vo = 1*17 f VT ..35^ 

f = Lacey's silt factor, varying from 0*4 to 1*60 for Punjab Canals. 

= 0*62 for Rohree canals taking ofE from the river Indus where the silt is fine. 

« 

= 0*9 for Ganges at Sara. 

= 0*6 to 0*7 on Sarda canal. 

= 2*2 to 2*8 generally; greater figures for greater rugosity. 

= 1 on Bari-Doab canal. Here Vo = Vo of Kennedy. 

= 6 for streams, carrying boulders, 

= 4 for hill streams carrying shingle. 

The value of f depends upon rugosity of channel, silt-grade. 

^ = Diameter of silt in a canal or river in inches. 

= ..87. 

A rough qualitative formula for the diameter of silt in inches, for the predominant typo 
of silt transported. (I.C.E. London Paper No. 4736). 

This is very useful for a new canal project. 

f = 8 d^ (Punjab Research Institute) ...88. 

n = Eutters coefficient of rugosity: i= 0*018 to 0*025 for Punjab canals: 0*0225 

average for Punjab canals : = 0*022 : f = 0-41 to 1-61 if n varies from -018 to .026. 

A = area of the canal or channel, 

Pw = wetted perimeter of the channel. 

Q = Discharge in cubic feet per second. 

8 = Bed slope of the channel, say 1 in 5000 or --. 

6000 

Af2 = 3-8 Vo® .89;' 

Pw = 2-668 (Q) 90" 

no., I ^ coefficient varying from 2*20 to 3*20 depending upon the nature of the soil: for 

canals, m alluvium soil, it is 2 - 668 . r s r 

Qf2 =3.8 Vo6 .. 

Vo = 16-05 (r^) (s^ ) . 92 

_ 1-3458 f ^ 

)(s^) ..93. 

r = 0-472 r-fV . ..54, 
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s = - 

1844-3 . 

.. 

= (Vs)^ 

r 64*2 .. (Dr* 

a = Re^me slope. 

, ^ ( V B 0/00 

• 4478 .. (0 L* Bfc»»d*ri 

...p. fSr snXd’r. ^src^i:” • 

;« T> ^ worked out by Lacey from stotutioa reUtuur to the sctaal flo 

in Punjab and United Provmces of Agra and Oudh (India). ^ 

Laoey has taken into account the modem energy theory of flow of water in channels. 

His formul© have received general support from Engineers all over the world. 

^har^rr styfams flowing with constant slope and discharge have reUted wetted perimeter 

obange m one will naturally involve change in the other. 

Lacey’s formula No. 01 above gives figures much in exoees of actual bed widths of ordinarr hlB itniw^ 1« 
the case of major streams in hills with discharge of 200,000 cuseoe. it gives sound results. 

The depth upto which scour takes place near the foundation of abutments and piers oi bra^fH 
18 given by the following formulae of Lacey. 

D= 0-9 . 

D = depth of non-scouring flow below high flood level, 
q = average intensity of flood per foot run of water way 

Q 

= : Q = full discharge : W = full width. 

fr 

The actual foundations of abutments should be taken about 4 feet below D. 

Lacey’s theory has been accepted by the Centra] Board of Irrigatioa, Gormmecit of ladm (JWy !••*> 
diagrams are also a standard book in the irrigation department of United Prormcea o4 Agra aad 

The silt factor ** f ” given in the formulw ia an enigma to most eogioeen. Mr. l^eey 
Mr. Montague and others explain it as under. 

In nature there ia no such thing as absolute and long continuing regime ; iow fa mrimi fcr 

then silt up due to slow change in the grade and charge of ailt; for ^^rmple the upper Bari 
the tails, are deteriorating as a result of silt influx now a days. 

Lacey’s theory postulatee a constant discharge flowing in an envelope-mads 
and carrying a constant silt charge. These conditions never ex^ in practice in 
except as an accident and instantaneously ; therefore allowancee are madc^ iato 

conditions. 

The silt factor ** f ** is s factor which takes into account, the actwal Totume of the 
ehape and indeed any other attribute of silt. The engines most mtettmeaUy estimate th* sf ' f 
euch data as available, in other words, experience. *■ f '* ig ^ phTiicni coMtsat of the 
Vo (Kennedy’s C. V.) which varies with discharge. 

The slope of the channel is determined along with all other diUirTwirrig by the 
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liacey’s silt velocity formula connects the silt transported at a given velocity with the hydraulic mean depth 
and primarily depends upon the silt charge transported. 

The silt factor “ f ” represented the physical effects on the channel and its shape caused by the silt burden, 
and the value of “ f ” and the volume of discharge uniquely determined the slope and all other hydraulic dimensions. 

No doubt it is very difficult to estimate the value of “ f *’ which would obtain in a new channel after new 
construction. But it had to be done and here the capacity and experience of the designer is hia degree of success 
in the very process. 

Channel shape in incoherent alluvium is, in fact, essentially a balance between bed, sand, and fine silt in motion; 
also on the mean diameter of the particle of silt and also on relative quantities of fine and coarse particles in 
movement. 

The hydraulic mean depth also is affected by silt grade. ** fcharacterises the bed silt grade also. 

For constant silt grades, the ratio of bed width to depth or more accurately that of the wetted perimeter to 
the hydraulic mean depth, steadily diminishes with reduction in discharge. 

p 

The shape of the channel for a given discharge is a function of the silt grade ; channel in finer material 
being narrower and deeper. 

For a given grade of silt, the regime slope required will increase with reduction in discharge. 

If a main canal terminates into two branches, the regime slope of the branches must be greater than that of 
the main canal. 

Regime slope is determined by the grade of silt admitted. If the regime slope is less than what is available, 
falls, as necessary are interpolated. If the available slope is insufficient, attempts at reducing the grade of the silt 
must be made by improving regulation in the case of a canal head or the distributary. 

f * Is purely a silt factor and an individual canal owes its shape to size of silt on its bed and roughness of 
its sides and a uniform ** f*’ cannot be fixed for a whole system of canals for design. For Haveli canals, ‘ f ’ was 
taken as 0*8 throughout. This was a mistake because the soil was not the same for the whole system. 

Id experts could decide what value of “ f ** might be adopted for designing new channels or remodelling 


“ f *’ is a characteristic which related to silt grade, to discharge and elope in a regime channel. 

The physical meaning of “ f’* is not known but it is a physical constant of “ silt content ” and appears to 

depend mainly on the diameter of the most prevalent silt below 0 • 6 millimeter diameter in channels carrying silt 
only (and not boulders). 

Mr. l*acey says that silt factor “ f ** is proportional to - which is proportional to -, the dimension 

less Froude number and a criterion of dynamic similarity. 

V2 . . ,. 

is a criterion of regime and also it is a function of silt grade; for that reason it is called 


The ratio 


increase in the numerical value of the silt factor, fine silt would be replaced by coarse silt, coarse 
^nd by shingle, and shingle by boulders. is a physical quantity that defines regime channel conditions and 

Bacey s formula defines “ f ” in terms o '"* . 


of functions that we can measure. 


q_ 

p 


The product r x v was clearly the hydraulic discharge per foot nm denoted by ‘ q ’; in all regime channels 


ia constant. 


irrigation 


^ Sindh the silt problem is complex due to the coherent nature of silt, resulting from large percentage of 
colloidal matter, f = 0*62 for Rohree canals, because the silt is very fine. 

nil Congress (1940) on “ Shock in Regime Channels *’ by Glerald Lacey is worth reading. It 

owe the high order of Mathematical genius of Mr. Lacey. This theory is under test and may be adopted by the 
Government of India at a later date. 

No great abnormality of design is required to ensure ‘ f ’ being constant over a distence of say fifty miles. 
Proportional silt distributors divide silt content equally. 

. Regime of a canal can be tested for by working out * f ’ by the slope formula for several channels of an area 
and notmg those whose ‘ fs ’ agree. 

- -p. Gacey s theory d^ not apply to Bombay Deccan canals because Deccan silt is Non-coherent; see “ Economics 
i^ccan canals : selection of water depth ” ; journal of the Institution of Engineers (India) VoL XX, January 1941. 
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Wow. "“‘o of "‘-'-widU. to depth tot toeta. oh™,.H h.™g t*.,.,. .to„ 


Table No. XH. 


Velocity 


Ratio: surface width/ 
water depth 


0*88 


1 

1 

2 

2 

3 

4 


00 

60 

00 

50 

00 

00 


2*0 

3*6 

7-1 

10-1 

13-1 

16-0 

21-8 


(6) 40r-^8^ If !fat '■ “ “ Sindh : (a) average for the year 100 r 

uni -.uu . size 01 silt particles m suspension 0-02 to 0-20 (millimetres). ' ' ® 

oient of Bari J)oab ^ the light of Lacey’s theory : see formula No. 80. The silt coeffi- 

ofKennedy. InexamoIeNo 1 ‘ ^ Bari-Doab canal is also 1*0, same as that 

80 has been taken as LIO • Tj^rutu’ . “ t^atof Bari-Doab canal and therefore the value of C in formula 

should ^co^^ted about it. ^ ^ ^ as 1 • I at least. An experienced Engineer 

In formula 86. Vc = 1-17 VTV^ = l-l? X VTT x VT = 3-47 against 3-6 f/s in example No. 1. In 
formula 87, d, the diameter of silt = -^ = -019 inches. In formula 88, f = 8d^ : d = -0189'. Silt ejectors 

Vc* • A out silt ^rtic^ over 0-019'’ in diameter or even less. In formula 89, A f* = 3-& 

- 188^6 feet aurmst ml LTj ivt P i- 1^28 Q' : In formula 90, Pw = 2-668 Q J 

perimetel°“Sslnst the discharge Q 5000 ousecs : The figures for the wetted 
Et'l ,"n tftSl •PP'dH-Wl «bP ilgu™ 1. .toj No. 1 C i. 


submitted p ^-“k^S earch Institute. In Paper No. 252, “ Designs of ChanneLs in Alluvium ” 

aat^n Ri^rch TnsHh T** ®"8'“e®"“g Confess in 1942, Dr. N. K. Bose and Mr K. R. Erry, OflBcers of the Im- 
gation Itesearch Institute, Lahore, gave the following formulm •— 


8 X 103 = 

Where m 


2-09 


m 


.85 


Q 


.21 


96C. 


s 


Q 


diameter of silt particle on bed in millimetres, 
slope of the channel. 


= Discharge in cusecs. 

Mr. Bose actually experimented upon silt with diameter 0-6 mm. (•023'). 
A (area of waterway) = 1*145 Q*®® .. 

n. 29 

D (depth of flow) = ^ ^ 


Here 


S 


- s- . 

slope per thousand feet. 


97. 


9S. 


D (depth of flow) 


0-297 Q-33B osA 


m 


.314 


(C. C. Inglis of Sindh) 


140 






















Canals, Waste Weirs And Barrages 



Br. Bose 

P (wetted perimeter) = 2:800 Q* 
r (Hydraiilic mean radius) = 0 • 47 Q ^ 

V (velocity in feet per second) = 1 • 12 r * 

w = width of water surface = 3-857 Q -^2 ^ .98B. 

The above formulae were derived after exhaustive observations on lower Chenab canal system at various sites 
in regime and are stability formulae for typical stable channels in Punjab. 

% 

Equation No. 98 gives the value of D and equation 97 gives the value of A, the area of the waterway. Then 
the width of the water surface is found, supposing the cross-section to be rectangular. 

Fig. 98. 


Fig. No. 98 explains this fully. A = w X d; the 
waterway is a rectangle and from the middle points 
of the sides, draw the side slopes J to 1 or 1 to 1 
or IJ to 1 according to the nature of the soil. The 
nature of the berm soil determined the width and 
consequently the wetted perimeter of the channel. 



™ The above formulae can only be used for designing channels in clayey and slightly sandy soil similar to that of 

CJhenab system in Punjab, & j j 

Three Nomograms are given No. 7 (Fig. lOOC) : No. 8 (Fig. lOOB) : No. 9 (Fig. lOOE). 

Blit naay ^ noted that in equation No. 96, the value of ‘ m ’ was obtained by analysis of the particles of bed 
' ose maximum size was 0-6 mm. This formula would need modification for coarser or finer sand than given 


-.1^ V w •■■■■■• JL mo XKJLlXXXllOf WLILLILI JLiwCvl XllCrLlXllwCiUl^Xl X\Jk WOflOwA %JX MJLXX^X OvbXlVA uilOiAA V 011 

the silt be^g would not apply to canals in Sindh or of Sutlej valley project whose silt factor is very low. 

The slope is a vital factor in regime design and it is necessary to know if the required slope was available, 

teriftf* ^dependent variables of a channel in fine alluvium are slope and silt ‘ charge and grade the soil charac- 
if it^ va^ble, and this determined the ultimate dimensions of a channel, which is called a regime channel 
for a under the conditions of discharge, silt charge and grade and bank conditions when tested 

T Ishwardas’ observations and slope formulae. In paper No. 249 (Punjab Engineering Congress 1941), 

•Chann^^^»^* Engineer of Punjab Irrigation Department discusses fully “ The Hydraulics oi Irrigation 


4 

■cnigma^^f iinprovementa on Kennedy’s diagrams and has shown that Lacey’s ‘ fthe silt factor, is an 
^tateme ta f prepared a slide rule for solving problems in designs quickly ; he has prepared various 

rom the data and observations on various canals and these are given in proceedings of the 
Engmeenng Congress (1941). 


talented daughter Miss Shanta, B.A. has brought out a slope formula which is given below. 

iliss Shanta’s forrmilse. 


8 


10 

3 


3 

7 


Q..980, 


10 

“a 


n* 


Q 


8 


12*1844 r ^ 


98D 


coefficient of rugosity. 
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TABLE No. Xin 


(Hydraulics of irrigation channels, P.E.C., (1941), 

Discharges, Wetted Perimeter, HydrauHo Mean-depths and Velocity. (Lacey’s Formula) 


Q 


10 


60 


100 

150 

250 

800 

1,000 

2,000 

5,000 

10,000 

20,000 


f = 1 


Tshwardas. 



i 


Q 


Q 




P = 2-67 Q: 

R = -48 Q; V = M3 VR 

P X R X V = Q 



3*16 

7-07 

10-00 

12-242 

16*81 

22*36 

31*6 

44*72 

70*71 

100*0 


141*42 


2-154 

8*44 

3*68 

18*8£ 

4*642 

26*7 

6*313 

32*7 

6-299 

42*21 

7*937 

69*7 

10*0 

84*4 

12*60 

119*04 

17*10 

188*62 

21*64 

267*0 

27*14 

377*6 


1*03 

1*77 

2*23 

2*55 


3*02 


3*81 


4*8 


6*06 


8*20 


10*34 


13*03 


1*16 


1*60 


1*69 


1*80 


1*96 


2*81 


2*48 


2*78 

3*24 

3*63 

9*08 


10*00 
60*13 
100*62 
150*09 
249*8 
602*7 
1,004*7 
2,008 ■ 0 
6,008 
10,022 
20,074 


P =s Wetted Perimeter. 


R ss Hydraulic Mean-depth, 

V = Velocity, feet per second. 

Q = Discharge in cusecs. 

Example No, 3 ;—Now examine the example No. 1 in the light of formulae of Punjab Hydraulic Resewob 
Laboratory at Lahore. Our diameter of silt is *0189 inches or *6 millimetres : slope 1-5000 or *2 in 1000 ft. 
charge is 6000 cusecs. In nomogram No, 8, Fig. lOOD a straight line passes through our above quantities. They 
all tally. From nomogram No. 9, Fig. No. lOOE, area of waterway is 1700 □' against 1646 in example No. 2 ana 
depth of flow is 8 feet, same as our figure in example No. 1 and example No. 2. 

For designing canals and distributaries, it is necessary to have Kennedy’s tables and diagrams (Improved)r 
or Mr. Lacey’s diagrams. In the absence of above books, the tables prepared by Mr. Ishwardaa, the 
Nos. 7-8-9 prepared by Dr. Bose, will be of great help in solving the problems. The nomogram Nos. 6 and 6 ba^ 
on Kutter’s formula, will solve the problem of designing a channel to carry clear water, free from sut. i 
make an allowance for silt, equation No, 80 will help to give the critical velocity. Thus by following the oata 
given for existing canals, various problems can be solved satisfactorily. 

The names of the eminent engineers, mentioned in this Chapter, who have worked so hard on the solution of 
this difficult subject, will ever be cherished in our memory. 
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Silt excluders: 


Canals, Waste Weirs And Barrages 



Fig. 99 
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We have seen that coarse silt, which deposits in canals, is a source of great trouble to canal Engineers, who^ 
have found it necessary to exclude it at the canal head regulators. Silt excluders have been devised and built at 
the head of several canals in Punjab with success. Fig. No. 99 shows an arrangement of that kind. Coarse silt 
settles in the pool created in front of the regulator and a silt excluder was also built in front of the regulator ; the 
excluder is a mechanical separator of the upper comparatively silt free water from the lower water with greater 
Wncentration of silt. This mechanical separation postulates that the approaching stream was flowing in stream line 
flow or Laminar flow, and more nearly this condition was fulfilled, the greater the efSciency of the excluder, 

water charged with heavy silt escapes into a separate channel and thence into the river. It is important 
hat water approaching the silt excluder should assume the stream line flow as contrasted with turbident flow. Stream 
hue flow or flow with Uniform velocity in a straight line might be compared to a state of rest, leading to precipitation 
of silt to the lowest layers. This is the function of silt excluders. 

The approach channel to the silt excluder must have smooth bed to prevent the formation of eddies which 

produce turbulence. 


Sometimes silt extractors are built along the canal to extract silt and lighten the load of sUt in the canal. 

On this subject, reference may be made to an excellent paper No. 211 “silt excluders’* by F, F. Haigb, I.S.E.; 
before the P.E. Congress in the year 1938 : 

For silting tanks on the Western Junma canal see paper No. 277 of P.E.C. volume 34 of 1946. These are 
rectangular tanks, built alongside the canal. Water enters at one end of the tank and gets at the other end. The 
ve ocity of flow in the tank is so slow that the silt deposits in the tank. 

For canal outlets see paper No. 264 P.E.C. volume 32 (1944). 

For flow on curves in open channels see paper No. 242 by A. N. Wilson, P.E.C. volume 29 of 1941* 
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(h) Irrigation outlets : 

it is temTs “ it tatema! ^“ing channel. In Aznerica 

device, therefore, must be such that it not onlv n^s^pq o b- is managed generally by the cultivators. This 

be a measure of ihe discLrge ^ but must essentiaSy 

i. punjifsi o?i'.:r lifr't “ ‘i” 

ampta „ppiy ^ ^ £’p: 5 sS£Ss?.?x’ b“ ;.™b" 

There are three classes of outlets. 

A- . Modular outlets or modules whose discharge is independent of the water levels in the 

distributary and the water course within reasonable working limits. 

(»■) Semi-inodules whose discharge although depending on the water levels in the narent 

reodred*fo? minimum working head 

required for the semi-module is available. ° 

-.raf Non-modular outlets whose discharge is a function of the difference in levels between the 

water surface m the distributing channel and the water course, variations in either affect the discharge. 

Bahadi^°S T^Iah^h valuable paper No. 264 of P.E. Congress, ivritten by Khan 

for desicm^n/an repay its perusal; also see paper No. 218 of P.E.C. (1939) 

No ^128^P F C P^P®'' No 237, P.E.C. (1940). Paper 

Research StS£n at I^adfkvi'pooS”^ Irrigation and Hydro-Dynamio 

Fig. 99 A 


^EN-PURi FUUMB 




Rdhs of FLow = Arc<A xV^Lodihy 


=r b 7^ v'C g>l' 

= bb V (H-b) 

Fig, 99A and Fig. 99B show designs of venturi flumes (“ flumen ’* Latin word meaning river), constructed on 
open email channels to measure the flow of clear water or sewage, which is recorded automatically by me^ 
of floats and charts on drums, revolved by means of clockwork. The arrangement consists of a constnction 
(in the bed in Fig, 99A and on sides in Fig, 99B) which is stream lined so that the water remains in oontaCT 
throughout its passage. The dimensions of the constriction and its shape and form are very important. 

water surface falls and there is a dip in the water surface due to decrease in the water-way and increaM 
in the velocity. M/s. The Loa Recorder Co. Ltd. of Manchester has perfected recording instruments with floats 
for sale in the market. 
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Fig. 99 B. 
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the discharge from rapid gravity filters, also for controlling the rate of flow in pipes, Venturi rate 
controllers with complicated mechanism have been brought in the market recently by British Firms. 

(i) Percolation and Lining of canals :— 

standard books on Irrigation practice. Percolation depends upon the nature of the soil, 
^e len^h of the wetted perimeter, etc., for lining of canals, see paper No. 260 by Mahbub P.E.C. (1943). 
tanals in sandy soil are lined with concrete or bricks to prevent loss of water by percolation. 

110. Waste Weirs :—A weir is a masonry wall built across a river to raise its water-level for 
irrigation purposes. This is sometimes called a pick-up weir. 

Fig. 100 
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™ M «n.f„ K-» f„„ „„ .id, „?'S wei, ., ,klo.W «»'fcS.S.’lJ 

SM.kXw'griV5iS!“^^^^ rrs “,f»”•« 

The usual formula for discharge over a broad crested weir with free fall is 0 = 3-1 L HI 
where L is the length of the weir, equal to the full width of the channel; and H = head rdeoth 
of flow over the wen, measured a little away from the weir + ha the head due to velocity of approach 

). If the length L is unity, Log Q = log 3 -1 + # log H. This is a straight line law. Several 

waste weirs have been built at the end of impounding dams in South India, constructed to store water 

in artifacial lakes or Storage Reservoirs. In such cases, the coefficient in the above weir discharge 

formula was taken somewhere near 3-0. The stored water was calculated in the artificial lakes on 

the basis of approximate formulae of run-ofE of rain water from the catchment areas. Now it has 

been ascertained that the length of such weirs in some cases requires to be increased or the increase 

in the depth of flow over the crest of the weir is to be tolerated, due to unexpected heavy run-off from 

the catchment areas, into the lake. The crest level of such weirs was fixed with reference to the 

specified storage in the lake and the depth of flow over the weir was limited so as to increase the storage 
as much as possible. 

Engineers are now making experiments by rounding off the top of the weir to increase the coefficient of dis¬ 
charge from 3*1 to 4 or 5 and thus to increase the discharge or reduce the depth of flow H and raise the crest leveJ 
to increase the storage capacity of the lake. Attempts are being made now-a-days in some cases to dismantle the 
masonry at the top of the weir and round off the crest. 


III.— Barrages. 

Some barrages have been built across rivers in India and the one at Sukkur in Sindh across 
the river Indus, the largest and longest river in Hindustan, is the biggest in the world. 

Sukkur barrage is built right across the river Indus. It is 4,725 feet long between the abutments and about 
4,925 feet long from end to end of the over-bridge for working the gates. It consists of 66 spans each 60 feet, clear 
apan. The piers are each 10 feet thick except the 7 abutment piers which are 25 feet thick. There are 5 scouring 
aluicea on the right bank and 7 on the left bank. These are separated from the remaining 64 ordinary spans of the* 
barrage by divided walls forming separate approach channels on each side of the river for supplying water to canals. 
These divide—walls parallel to the river banks run from Barrage to points about 500 feet upstream of the canal 
regulators on each bank. 

There are 4 canals on the left bank and three on the right bank. 

There are also guide banks on each side of the river both on the upstream and downstream of the barrage. 

The Barrage gates have been supplied by Messrs. Ransomes and Rapiers and are each 60 feet clear span. 
gates of ths 54 ordinary spans of the barrage are ISJ feet high, while those of the 12 scouring sluices are 22^ ft. higli* 
All gates are suspended and counterbalanced with weight, double their own, by means of ropes, thus reducing tne- 
height of the structure. 

The gates are operated each, by separate gearings flxed on the high level bridge, spanning the piers. Tl^ 
gearing is operated by an electric motor, r unnin g on a special narrow gauge railway on the Bridge. Six separa 
Motors are provided, any one of which is able to operate any of the 66 gates. 

The canals are provided with head regulators, the gates of which are also controlled by Motors. 

Two Photos (Fig. lOOA and Fig. lOOB) of the Sukkur barrage are given here. 

For details of Kalabagh barrage, see P.E. (Congress paper No. 251, volume 30 (1942). 

For Emerson barrage at Trimmu, see paper No, 244 of P.E. Congress (1941), and also see publication ^o. 1- 
of Central Board of Irrigation, Government of India, by Khosla, Bose and Mckenzie-Taylor. 

There are first class Irrigation research stations at Lahore, Amritsar, Malikpur, Poona, Karachi, Khadakwaflla»- 
Madras, etc. in India, worth visiting. 
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Fig. 100 A 



Sukkur Barrage 
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Fig. 100 C 


Nomogram 7 
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Fig. 100 D 
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Fig. 100 E 

Nomogram 


Formula AREA= l*i45 Q ®® 
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CHAPTER XV. 


Drains and Sewers. 

Wash water from bath-rooms, pantries and waste water from kitchens form what is caUed snilage This ia 
earned in towns by means of open drains to cultivate lands, or discharged in rivers. 

to sewal?“ si*^ woX!*"^ is carried by sewers in towns 

112. Optn drains : —These have been constructed so far of vacca bricks laid in limn Tnnrfoi. *,«• * j 

or ceinent plaste^. ne bricks generally absorb suUage water and stink badly, specially at night. AccordlLly 

cement concrete blocks have ^en used lately for constructing open drains. These, if kep^ oleanf are much better 
than bnck drams whose use should be discouraged. > muen oetier 

In the interests of public health, the dirty water should be removed by means of drains from the town as nuicklv 

® ''I**'® should be very quick and no deposit should take place 

m the dram. The cross section of the dram and the slope should help in that way. ^ ^ 

Fig. 100 F 



A = Ar 
= 1 - 




565 + 2'j^8 a (D + .364. (p-a)i- 


feTTK.D perimeter 

»3'i7a + 2*r28CD’al 

4 

R=MY0RAUUIC RaOIUSs^ 

(a) Types of open drains : —Fig. 100 F shows the type of oj>en drains suitable for the above purpose. 

The cunette or the bottom of the drain is a segment of a circle, subtending an angle of 140® at the centre. The 
sides of the drain are tangents to the radii. . 

If d be the full depth of the drain and ‘ a ’ be the radius of the bottom part then A, the area of the r^ 

= l *585a* + 2'128a (d — a) + *364 (d — a)* . 

P, the wetted perimeter = 3* 17a + 2*128 (d — A) . 

r = Hydraulic mean radius = —^ 

The bed slope of the drain should be such as to create self cleaning velocity not less than 2*5 feet per secon 
Nomogram No. 10, Fig. 103A gives particulars of grade, velocity, etc. Table No. XIV gives other particulars. 
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Drains Ani Sewers 


Table No. XIV, 

Values in feet of R, hydraulic radius, and A, area, of Pegtop and semi-circular drains. 


(M.E.S. HANDBOOK 1925, Vol. page 308). 


Proportion of D, depth 
on invert to, a radius of 
base. 

Radius, a, of segmental portion. 

ir 

2" 


3" 

3i" 

4" 


5' 

6' 

11 

R = ‘da = 

•0626 

•0833 

•104 

•125 

-146 

•167 

CO 

00 

• 

■208 

•25 

A = 1-585 a* = 

•0248 

•0442 

•069 

•099 

•135 

•176 

•223 

•276 

•297 


R = .77 a = 

•0693 

•129 

•161 

•193 

•225 

•257 

•289 

■322 

•386 


A = 4-077a2 = 

•0638 

•1136 

•177 

•255 

•347 

*453 

■672 

•71 

102 

D = 3a 

R = •982a = 

•123 

•163 

•204 

•246 

•286 

•327 

•368 

•408 

•491 

A = 7-297 a=* = 

•114 

•202 

■316 

•455 

•62 

•81 

103 

1*37 

1-826 

D = 4a 

R = 1177 a = 

•147 

•196 

•245 

•293 

•342 

•392 

•44 

■49 

•688 

A = ll-245a2= 

•176 

•313 

•488 

•702 

•96 

•135 

1-58 

1-95 

2-82 


For semi-circular drains take as above with D = a. 


The public works department in different provinces have worked out type designs for open 
drains to carry different discharges. 

Type No. I has a radius of 3 inches in the Cunette and depth of flow 3 to 4 inches. Type 
No. II has the same radius but the depth is increased by 3 inches and so on. 

It is advisable to increase the radius of the Cunette from 3 to 4J inches (Type II revised) thence 
to 6 inches (Type III revised) as the discharges, the drains are required to carry, increase. 



Fig. 101 
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Practical Hydraulics And Its Applications 


towns. 


h. Arrangement of open drains .--Fig. 101 shows an arrangement of open drains in Indian 


be considered, as part of the minfaU ente“ thesIdSins The m^arelTsto'Le divided ^ H " 

waler at^'Srt JfmiSTaS “Tne tochSf^ pef" ijcahty °^TWs"e4eXTwfnX&^^^^^^ 

serving an VrZ of ™ne ^ the diahi 

amount ^ rainfaUs, aUowance of more than i inch per hour is made, according to the 

but caJfe Inc^ilSl^iooHi^^^ ^ of 3 inches in the Cunette. The depth is 3 inches to 4 inches 

brick-edcinp Thiq tvrw nf H ^ difference of level between the invert of the drain and the street surface by 

acm^f to IS laid along the middle line of narrow streets and types II and III are adopted, 

® ' P^ rges and laid on the sides of main streets, to receive discharges from drains of type I. 

velooif,^^* nomogmm No. 10 give particulars about open drains, their sizes, discharges, grades, and 

avnilAhIf> cttoHm m* - * ^des of s^ets, roads, and the country round about the town are to be utilized. If the 
fTTAHM g*'® the drains more than 2*5 feet per second, so much the better; otherwise suitable 

n^tt rrtori ®®. velocities are to be adopted. If the depth of excavation exceeds 4 feet on the sides 

least 20 inch^ X^^^inches ' make it circular at least 24 inches in diameter or make it an ovoid sewer at 

If there be a piped water supply in the town flush tanks are to be instaUed at the heads ofthe drains to flush 
e same , othei^se a small portable centrifugal pump driven by a small petrol engine is to be moved from well to 
we pump out water and flush the drain by means of a hose pipe. In no case flushing is to be neglected. 

In very wide bazaars like those of Jaipur City, wide and shallow (saucer) drains are recommended. 

Table No. XV. 

Showing hydraulic mean depths, etc., of Punjab type drains of which profile measurements are given. 


Type. 


Section No, 


Area. 


Wetted 

perimeter 


Hydraulic 
mean depth 
R 


V R 


U 


UI 


IV 


VI 


(a) 


( 1 ) ( 1 ) 


( 2 ) ( 2 ) 


(3) (3) 


(4) (4) 


(5) (5) 


( 0 ) ( 6 ) 


119 


87 


136 


369 


093 


79 


118 


•343 


25 


1-27 


197 


444 


476 


1-81 


263 


512 


75 


2-35 


319 


565 


1-076 


2-89 


37 


608 


1-45 


3-42 


42 


• 648 


See Circular No. 1-721 dated 22nd October 1902 of Punjab Government, P.W.D.; B + Roads Branch. 


154 


























Drains And Sewers 


Fig. 102 

pROP»LE-M6ASUReM6.NTS OF DRAINS TO-DETERM»NE AREAS 
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Table No. XVI. 

Discharges (cuseca) and Velocities of Punjab Type Drains (1906). 

V = Velocity ft./sec. D = Discharge. 

Kutter’s Coefficient N = *015. 


Similar to Fig. 102 




SLOPE. 

No. of 
Type 
drain. 


1 — 

50 

1 — 

100 

1 — 

150 

1 — 

200 

1— 

250 


V 

D 

V 

D 

V 

D 

V 

D 

V 

D 

I 

• • 

2-9 

•27 

2-0 

•19 

1-7 

•16 

1-4 

-13 

1-3 

•12 

la 

• • 

3-2 

•38 

2-3 

00 

• 

1-9 

•23 

1-6 

•19 

1-4 

•17 

n .. 

♦ • 

4-3 

117 

3-1 

•84 

2*6 

•71 

2-2 

•60 

20 

•54 

HI .. 

♦ t 

5-4 

2-70 

3-9 

1-95 

31 

1-55 

2-7 

1-35 

2-4 

1-20 

IV .. 

• • 

6*2 

4-84 

4*4 

3 43 

3-7 

2-89 

3-1 

2-42 

2-8 

219 

V .. 

• • 

60 

7*66 

4-9 

5-44 

60 

4-44 

3*4 

3-77 

31 

3-44 

VI .. 

• ft 

7-6 

_ a 

10-88 

6-4 

7-83 

4-4 

6-38 

3-8 

5-51 

3-5 

507 
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Table No. XVI— CorUd. 



SLOPE. 

No. of 
Type 
drain. 

1 - 

-300 

1 - 

-350 

1 — 

400 

1 — 

450 

1 — 

500 

1 — 

600 


V 

D 

V 

D 

V 

D 

V 

D 

V 

D 

V 

D 

I 

1-2 

11 

M 

■10 

10 

•09 

•9 

•08 

•8 

•07 

• • 

• • 

I X 

1-3 

•16 

1-2 

•14 

M 

•13 

10 

•12 

•9 

•11 

• • 

• • 

II 

1-8 

•49 

1-7 

•46 

1-6 

•44 

1-6 

•41 

1-4 

•38 

1-2 

•33 

III .. 

2-2 

110 

2-1 

105 

1-9 

*95 

1*8 

•90 

1-7 

•85 

1-6 

•76 

IV 

2-6 

203 

2-4 

1-87 

2-2 

1-72 

21 

1-64 

20 

1-56 

1-8 

1-41 

V 

2-8 

311 

2*6 

2-88 

2-4 

2*66 

2-3 

2-55 

2-2 

2-44 

20 

2-22 

VI 

3-1 

4-50 

2-9 

4-20 

2-7 

3-91 

2-5 

3-62 

2-4 

3-48 

2-2 

319 


(c) Mr, Williams suggestions Mr. George Bransby Williams, former Sanitary Engineer to the Govemmffflt 
of Bengal, presented a paper to the Institution of Engineers (India), “ Discharges of surface water drams and sewcn 
in India *’ from which the following extracts are taken. 

It has been generaUy accepted that the maximum run-off from any large town area wiU 
the maximum rate of rainfall that can continue for a period long enough for the flow Iro® the moa remo ^ 
of the town area to reach its outlet. The time taken for this to occur is known as the Penod of concentration. 


Experience shows that intensity of maximum possible rate of rainfall at any place varies 
time for which it continues. It follows that, the larger the town area, the lower the maximum rate • 

need be allowed for. It is a bad practice to take a constant rate of run-off for any large town ar^ ^ take 

ficheme for a large town, the drains from small branches down to the mam outfaU drains, should be dwignM 
a progressively diminishing rate of run-off. In a system designed at a constant rate throug , gjpenaive. 

drains must be of inadequate capacity, or, else the main outfall drains must be unnecessan y g 

It may be stated as a general proposition that a surface drainage system should be ca^ 

■discharge during rain storm of the maximum intensity that may be considered hkely to . . ^ 

few consecutive years, sufficiently rapid to prevent its causmg any serious damage or 



3 

T 4- 0-75 


.... 101 . 


I — Intensity of rainfall in inches per hour. 

T = Duration of the fall in hours. 

Mr. Williams gives the above formula to work out the maximum intensity of situated 

plains that may be reasonably expected to occur within a comparatively short period of years. ^ 

For period of concentration, t.c., for the off-flow frona the town area te reach the groun<l 

Mr Williams ffives the following formula for a municipal drainage area situated on an I P 

Mr. Will-ams gives the^louo concentration depends upon the artificial drainage channels. 

. . 

t = 6 X A* . 


18 more or 


t = period of concentration in minutes. 

A = the drainage area in acres. 

Regarding discharging capacity of drains Mr. Williams advises as under 
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Not all the rain that falls on the town area, will reach the outfall drain ; some will be absorbed by the groiind, 
some will fall into the tank or be evaporated by the surface of the ground. The percentage of the total fall that 
■win eventually flow off will obviously depend upon local conditions. In an urban area on the Indian plains, it will 
probably be about 85 per cent. In a suburban or semirural area, it,i6 likely to be about 65 per cent while in a 
rural area it will be less. 

Drainage schemes for Urban areas in Indian plains should be designed to carry an off-flow at the rate of one 
quarter of the maximum probable rate of rainfall per hour during the period of concentration on the area served. 

Table No. XVII. 

Table showing Maximum Probable Intensities of Rainfall and Rates of run-off to be provided for in Urban 
and Suburban Areas. 


Area. 

Period of 
concentration. 

Probable maximum 
intensity of 
rainfall. 

Rate of Run-off to be 
provided for. 



Urban Area. 

Suburban Area. 

Acrea. 

Minutes. 

Inches per hour. 

Inches per hour. 

Inches per hour. 

5 

10 

3-35 

•84 

•67 

10 

13 

3-11 

•78 

•62 

25 

28 

2-87 

•72 

•57 

60 

24 

2-62 

•65 

-52 

76 

28 

A 

2-47 

•62 

•49 

100 

32 

2-33 

-58 

•47 

200 

42 

2-07 

•51 

•41 

600 

60 

1-72 

•43 

•34 

1000 

79 

1-46 

CO 

• 

' -29 

1600 

93 

1*32 

•32 

1 -26 

2000 

104 

1*20 

•29 

•23 

2500 

114 

1*12 

•27 

•21 

3000 

123 

107 

■25 

•20 

4000 

138 

•98 

•23 

•19 

6000 

151 

•92 

•21 

•17 


%hth edit' P.W.D. Hand-^book :—P, W. D. Hand-book, Bombay, Vol. II, 

ion (1931) gives following suggestions on sullage and storm-water surface drains. 

often constructed with square bottoms and of uniform section ; the result 
and if it iq r» f ^ ®f minimum flow the velocity is insufficient and silt deposit takes place, 
of an onen P^o^rly attended to, the drains get choked up. Therefore, in designing the section 
cleansing t, ^ minimum as well as the maximum discharge must be considered, and a self- 

velocity for the minimum discharge must be secured. 
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Preliminary calculation :—Every surface drain will be expected to carry all the sullage water 
and a large portion of the storm-water. Therefore the quantity of sullage water (which will be equal 
to the water-supply per head per day) from a particular section should be first considered, and the 
section of the invert portion should be so designed as to carry away in 6 hours 50 per cent of the average 
daily supply, without leaving any deposit as far as possible. Next, the area which ^vill be drained by 
the particular section of the drain should be found out, and a suitable run-off depending on the 
intensity of the rainfall at the place, and also the nature of the premises, should be assumed 
and the quantity of the .storm-water to be passed down should be calculated and added to the quantity 
of sullage previously found out; and a complete section with the invert as already fixed should be 
designed. 


N.B.—A run-off from I" to I" per hour may be taken according to the rainfall at the place. 


In determining the size of a drain attention should be paid to securing a self-cleansing velocity, 
i.e., the minimum velocity obtained for any section should not be less than 3 feet per second. Though 
strictly speaking surface drains should not be covered over ; in most towns it is absolutely impossible 
to avoid covered drains. The aim should, however, be to reduce the length of covered drains, as far 
as possible because the covered portions generally harbour rats and they are often neglected. 


The following rule regarding the length of covered drains will be useful:— 

When the gutter covered is level with the road surface at the edge of the gutter, no covered 
length should exceed 3 feet. No covering to a gutter should be permitted within 4 feet of the next 
covering. The minimum clearance between the gutter covering and the invert level of the gutter 
should be one foot. 


The inside of the gutter is generally rendered with cement on the invert; but this rendering 
is damaged by the rough scraper, generally used by the sweepers while cleaning. The repairs m 
such places are often neglected. 

It will, therefore, be always advisable to have the invert of glazed stoneware pi;^9- 
type sections recommended for surface drains are of the rounded V type (see Fig- lOOF). ** 

shape is suitable because the area of the section decreases in proportion to the decrease of t e is 
charge, and a uniform velocity is generally maintained. 

For further details see Surface Drainage ” by H. A. Gubbay, A.M.I.C.E. 

113. Sewers. —Underground pipes, draining more than one property and carrying 
matter, urine, and waste water are termed sewers. 

a. Size of sewers :—In New Delhi 30 gallons per head per day of 24 hours was allowed 


inflow in the sewers. Thus the average dry weather flow^ = 24 x 60* minute pe 

head of population. The maximum flow was taken as twice the average, the 

were designed to carry 6 times the average dry weather flow when cunmng full an 

sewers to carry this flow when running three-quarters full. 

The water-works were designed to supply 30 gallons per head per day of 24 
individual, the supply being open for 24 hours. This is the standard for most towns in 
sewerage system is provided or contemplated for the town. 

ff ftf 4 incb 

The greater part of the Calcutta sewerage system was designed to carry a run-on < 
per hour during a rainfall. This was a mistake as the sewers are too big and expensive. 
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In New Delhi, separate surface drains are provided alongside of the roads for rainwater. Where 
these drains become too wide and too deep, they become covered underground drains, circular in 
section. 

Every attempt is made to exclude rainwater from the sewers. 

It must be borne in mind that when the sewers carry the maximum flow ( = twice the average 
dry weather flow), the depth of flow in the sewer should be such as to produce a self cleansing velocity 
of not less than 2.5 feet per second, otherwise silt deposit will be formed in the bed of the sewer. 
Preferably the depth of flow in that case should be at least one-quarter of the full depth. 

Table Nos. XVIII and XIX give diameters of sewers, grades, and velocities. 

In New Delhi, the pipe sewers and brick sewers were provided with automatic flushing 

tanks. 


The writer was employed on the design and construction of sewerage scheme for New Delhi for 14 years 
(1913-1927). 


b. Velocity atid gradients :—The following table gives the minimum gradients for sewers and 
limiting permissible velocities. The minimum gradients are selected to give a self cleansing velocity 
of feet per second or thereabout, in a sewer flowing half full without recourse to flushing ; with 
flushing lower gradients are now accepted as permissible. 

Every attempt should be made to so design as to attain a velocity of 3 to feet per second, 
without flushing:— 


Table No. XVIII. 

Sewers—Grades—Limiting Velocities. 


Diameter of sewer. 

Minimum gradients. 


Without 

flushing. 

With 

flushing. 



4' 

1 

in 

40 


• • • 



No limit. 

6' 

1 

in 

100 

1 

in 

175 

10 

ft. per second. 

7' 

1 

in 

125 

1 

in 

200 

9 

9P 

9' 

1 

in 

185 

1 

in 

275 

9 

9f 9f 

12' 

1 

in 

270 

1 

in 

385 

8 

fP fP 

16"' 

1 

in 

410 

1 

in 

500 

6 

fp PP 

18' 

1 

in 

600 

1 

in 

600 

6 

ft PP 

24' 

1 

in 

960 


• • • 

• 

6 

PP PP 

30* 

1 

in 

1300 


• » • 

• 

6 

PP PP 


Note: —For 4 inches house connections no limiting velocity need be specified. For circular pipe sewers 
y to 46 inches in diameter minimum gradient shoiild not be less than 1 in 600, where possible. 
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Inclination of pipes for special velocities. 


^ required to produce certain velocities in pipes of different sizes when runninv 

full or half full, where the coefficient of roughness, N, is equal to *013 :— ® 

Table No. XIX. 


Diameter of pipe. 


Inches. 


Velocity in feet per second. 




2J 


Sine of inclination (1 over): 



In New Delhi, the sewers above 18 inches in diameter have been built of bricks laid in lime mortar and cem 
plastered on inside, right up to 84 inches diameter. Ovoid sewers were built in one or two cases only. 

In JIadras city circxilar sewers have been built lately. I have seen boys crawling through 
and young men crawling through 36 inches circular sewers for cleaning purposes. It is more comio 
through 4 feet X 6 feet ovoid sewer for cleaning purposes than through 4 feet diameter circular sewer. 

Egg-shaped or oval sewers were freely built in Europe in 19th century. The depth of flow m * 
in every 24 hours, therefore in order that the stream may be of the best form or nearly so, when tne “ft 
is low, and deposits may not occur, an oval form was adopted. 

The self cleansing velocity is not appreciably reduced with the fall in the depth of flow. The velocity 
the sewer one-third full is three-fourths of the velocity when it is two-thirds fulL 
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Drains And Sewers 



Table No. XX 

Self cleansing velocity for circular pipes and sewers. 


Diameter of sewer in inches. 


Up to 9 


4 4 


♦ « 


9 to 24 


over 24 


• • 


Safe self cleansing velocity : 
feet per second. 


When full 

When two-thirds full 

3-4 

3 

2-8 

2*5 

2-2 

2 


House drains should not have a steeper slope than 1/10, or iron pipes must be used, or the drains stepped with man¬ 
holes. If sufficient fall to give the minimum self cleansing velocity is not available, flushing arrangements are 
necessary. ® 

On the other hand, the maximum safe velocity for stoneware, brick or concrete sewers is 4*5 feet per second. 

At present the tendency seems to be to build circular sewers only and as far as the writer knows, no extensive 
system of egg-shaped sewers has been constructed for several years. 

Tf • p^uliar shape, an egg-shaped sewer gives higher velocities than a circular sewer at low discharges. 

It IS sufficient to provide a velocity of 2 • 5 feet per second when one-third full and in the case of large sewers over 4 feet 
in transverse diameter 2 • 5 feet per second when flowing two-thirds full. 

Table No. XXI. 

Showing slopes required for circular sewers running full to generate minimum self cleansing and maximum 
permissible velocities (n = -013). 


Diameter of 
circular sewer 
in inches. 


IVIinhnum. 


Maximum. 


Self cleansing 
velocity. 


Slope in parts per 
thousand. 


Permissible safe 
velocity. 


Slope in parts per 
thousand. 


J© drains 

3*4 

35 to 10 

5 

100 to 20 


3>4 

9*6 

4*5 

17 

12 

3-2 

5-6 

4-5 

11 

18 

3-0 

2-6 

4-5 

5-8 

24 

2-8 

1-5 

4-5 

3-9 

30 

2-6 

•97 

4-5 

2*8 

36 

2-4 

•65 

4-5 

2-2 

48 

2-2 

•37 

4-5 

1-5 

60 

2-2 

•28 

4-5 

M 

72 

2-2 

•22 

4-5 

•87 

84 ■ . 

• • • • 

2-2 

•18 

4-5 

•71 
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Table No. XXII. 


For good Pattern Egg-shaped Sewers. (Fig. 103). (Garrett 1909) 


Kadius 

of 

Top. 

Inches 
6 
7 
d 
9 
10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
36 
36 


Dimensions of 
sewer in 
inches. 


12 X 18 
14 X 21 
16 X 24 
18 X 27 
20 X 30 
22 X 33 
24 X 36 
26 X 39 
28 X 42 
30 X 46 
32 X 48 
34 X 61 
36 X 64 
38 X 67 
40 X 60 
42 X 63 
44 X 66 
46 X 69 
48 X 72 
60 X 76 
62 X 78 
64 X 81 
66 X 84 
58 X 87 
60 X 90 
62 X 93 
64 X 96 
66 X 99 
68 X 102 
70 X 105 
72 X 108 


Area of 
sew'er in 
square feet, 


1115 

1-517 

1- 982 

2- 508 

3- 097 

3- 747 

4- 460 

5- 234 

6- 070 

6- 968 

7- 929 

8- 961 

10- 035 

11- 181 

12- 387 

13- 659 

14- 991 

16- 384 

17- 840 

19- 358 

20- 938 
22-579 
24•283 

26- 048 

27- 875 
29-766 
31-716 
33•730 
36•805 
37-942 
40-141 


Brick work in cubic yards 
per yard run. 


4^ inch 
work. 


2124 

2396 

2669 

2941 

3213 

3486 

3758 

4030 

4302 

4674 

847 

5119 

392 

664 

936 


• « 


• • 


♦ • 


« • 


• • • • 


9 inch 
work. 

13J inc 
work. 

•5231 

• • • » 

•5775 

♦ • • • 

•6320 

• • • • 

•6864 

• • « • 

■7409 

• « ■ • 

•7953 

• • • • 

•8498 

t • • • 

•9042 

• • ■ • 

•9587 

* * • • 

1-0131 


1-0685 


1-1220 


M764 


1-2309 

9 • • * 

1-2853 

2-0753 

1-3398 

2-1569 

1-3942 

2-2386 

1-4487 

2-3203 

1-6032 

2-4020 

1-5676 

2-4837 

1-6120 

2-5654 

1 - 6666 

2-6470 

1•7209 

2-7287 

1-7754 

2-8104 

1-8299 

2-8920 

1-8843 

2-9737 

1-9387 

3-0554 

1-9932 

3-1371 

2-0477 

3-2188 

2-1021 

3-3001 

2-1566 

3-382l_ 
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Table No. XXIII. 


Areas, etc. of Egg-shaped Sewers. (Garrett 1909). 
Egg-shape—good form. 

Fig, 103 





FuU 

5 full 

i full 

B 

Area of section 

Perimeter wetted 

Hydraulic mean depth 

• • • • 

• • V • 

• • • • 

1-1150 d2 

3•9205 d 

•2844 d 

•7223 d2 

2-3497 d 

•3074 d 

•2543 d* 

1-3246 d 

•1920 d 

« « « . • 


The above form Fig. 103 is said to be the best due to the maintenance of a high comparative 
velocity at low discharges ; and is also strong and resists the pressure of earth well. 

Owing to its peculiar shape, an egg-shaped sewer gives higher velocities than a circular sewer 
at low discharges. 

Table No. XXIV. 

The foUowing table gives the grades adopted while building sewers in dififerent cities, to produce self-cleaning 
velocity 2-5 feet per second. 

Grades : 1 in. 



V = 124 • V r* 8, V = Velocity in feet per sec. 

r = Hydraulic mean depth in feet. 
8 = Ratio of fall to length. 
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Table No. XXV. 


Proportional \ elocities and Discharges, in circular sewers and pipes running partly full. 

(Calculated from the value of 3 .^ 7 ^ j Crimp’s tables (1897). 
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$ 


Table No. XXV —Contd. 


1 

2 

3 

4 

5 

6 

Prop. 

Prop. 

Prop. 

Prop. 

Prop. 

Prop. 

Depth. 

Area. 

H. M. D. 

Velocity. 

Discharnre. 

Depth. 

•51 

•5127 

1-0126 

1•0084 

•5170 

•51 

•52 

•5255 

1 0249 

1-0165 

•5341 

•52 

■63 

•5382 

- 1-0367 

1•0243 

•5513 

•53 

•64 

•5509 

1-0483 

1-0319 

•5685 

•54 

•55 

•5636 

1 0595 

1 0393 

•5857 

•55 

•66 

•5762 

1-0704 

1-0464 

•6030 

•56 

•67 

•5888 

4 

1-0810 

1-0533 

•6202 

•57 

•68 

•6014 

1-0911 

1-0599 

-6374 

•58 

•69 

•6140 

1-1010 

1-0663 

•6546 

•59 

•60 

•6265 

1-1106 

1-0724 

•6718 

•60 

•61 

•6389 

11197 

1-0783 

•6889 

•61 

•62 

•6513 

1-1285 

1-0839 

•7060 

•62 

•63 

•6636 

1-1368 

. 1-0893 

•7229 

•63 

•64 

•6759 

1-1449 

1-0944 

•7397 

•64 

•65 

•6881 

1-1526 

1-0993 

•7564 

•65 

•66 

•7002 

1-1599 

1-1039 

-7730 

•66 

•67 

•7122 

1-1667 

1-1083 

•7893 

•67 

•68 

•7241 

1-1732 

1-1124 

•8055 

•68 

•69 

•7360 

1-1793 

11162 

•8215 

•69 

•70 

•7477 

1•1849 

1-1198 

•8372 

•70 

•71 

•7593 

1-1902 

1-1231 

•8527 

•71 

•72 

•7708 

1-1950 

1-1261 

•8680 

•72 

•73 

•7822 

1-1994 

1-1288 

•8829 

•73 

•74 

•7934 

1-2033 

1-1313 

•8976 

•74 

•75 

•8045 

1-2068 

1-1335 

•9119 

•75 

•76 

•8165 

1-2097 

1-1353 

•9258 

•76 

•77 

•8263 

1-2123 

1-1369 

•9394 

•77 

•78 

•8369 

1-2143 

1-1382 

•9524 

•78 

•79 

•8473 

1-2158 

1-1391 

•9652 

•79 

•80 

•8576 

1-2168 

1-1397 

•9775 

•80 

•81 

•8677 

1-2172 

1•1400 

•9892 

•81 

•82 

•8776 

1-2170 

1-1399 

1-0004 

•82 

•83 

•8873 

1-2164 

1-1395 

1-0110 

•83 

•84 

•8967 

1-2150 

1-1387 

10211 

•84 

•85 

•9059 

1-2131 

1•1374 

1•0304 

•85 

•86 

•9149 

1-2104 

1-1358 

1-0391 

•86 

•87 

•9236 

1-2070 

1-1337 

1-0471 

•87 

•88 

•9320 

1-2029 

11311 

1-0542 

•88 

•89 

•9402 

1-1980 

1•1280 

1-0605 

•89 

•90 

•9480 

1-1921 

1-1243 

1-0658 

•90 

•91 

•9554 

1-1853 

1•1200 

1-0701 

•91 

•92 

•9626 

11774 

1-1150 

1-0732 

•92 

•93 

•94 

•95 

•96 

•97 

•98 

•99 

1-00 

•9692 

1-1684 

1•1093 

1•0762 

•93 

•9755 

1-1579 

1-1027 

1-0757 

•94 

•9813 

1•1458 

1-0950 

1-0745 

•95 

•9866 

1-1316 

1-0859 

1-0714 

•96 

•9913 

1-1148 

1-0751 

1-0657 

•97 

•9952 

1-0941 

1-0618 

1-0567 

•98 

•9983 

1-0000 

1-0663 

1-0000 

1-0437 

1-0000 

1-0419 

1-0000 

•99 

1-00 
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Table No. XXVI. 

The Areas of egg-shaped sewers in square feet and the value of R and ^ 

(R = Hydraulic mean depth in feet). 

(Tables and Diagrams by Santo Crimp, C.E., Page 99 (1897). 


Size. 


Size. 


Full. 


Area in square feet. 


R, in feet. 


Two-thirds Full 


Area in square feet< 


R, in feet. 


Ft. in. Ft. in. 

1-8 X 2-6 

2-0994 

•6262 

1-10 X 2-9 

2-5402 

-5788 

2-0 X 3-0 

3•0232 

-6314 

2-6 X 3-9 

4-7237 

•7892 

3-0 X 4-6 

6-8022 

-9471 

3_4 X 5-0 

8-3978 

1-0523 

3-6 X 5-3 

9-2585 

1-1049 

3-8 X 5-6 

10-161 

1-1576 

4-0 X 6-0 

12-093 

1•2628 

4-2 X 6-3 

13-121 

1-3154 

5-0 X 7-6 

18-895 

1•5784 

5-4 X 8-0 

21-498 

1-6836 

5-10 X 8-9 

25-718 

1-8415 

6-0 X 9-0 

27-209 

1-8942 


VR= 


't. in. Ft. in. 




1-8 X 2-6 

3-1903 

-4828 

•6154 

1-10 X 2-9 

3•8602 

•5311 

• 6558 

2-0 X 3-0 

4*5940 

•5794 

■6950 

2-6 X 3-9 

7-1781 

-7242 

•8064 

3-0 X 4-6 

10-337 

•8691 

-9107 

3-4 X 5-0 

12-761 

•9657 

■9770 

3-6 X 5-3 

14-069 

1-0139 

1-0092 

3-8 X 5-6 

15-441 

1-0622 

1-0410 

4-0 X 6-0 

18-376 

1-1588 

1•1032 

4-2 X 6-3 

19-939 

1-2071 

1-1337 

5-0 X 7-6 

28-712 

1-4485 

« 1 

1-2802 

5-4 X 8-0 

32-668 

1-5451 

1-3365 

5-10 X 8-9 

39-081 

1-6899 

1-4188 

6-0 X IKO 

41-346 

1-7382 

1-4457 



• 6518 
6945 
7360 
8540 
9644 
0346 
0688 
1025 
1683 
2005 
3557 
4152 
5024 
1-5309 


1 

1 

1 

1 

1 

1 

1 

1 
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Table No. XXVI — Contd. 


Size. 

One-third Full 


Area in square feet. 

R, in feet. 

Ft. in. Ft. in. 


4 

i 


1-8 X 2-6 

• 7889 

•3443 

*4912 

1-10 X 2-9 

•9545 

•3787 

•5233 

2-0 X 3-0 

1*1300 

•4132 

•5548 

2-6 X 3-9 

1•7750 

•5165 

■6437 

3-0 X 4-6 

2•5560 

•6198 

*7269 

3-4 X 5-0 

3-1556 

•6887 

•7799 

3-6 X 5-3 

3-4790 

•7231 

•8056 

3-8 X 5-6 

3-8182 

*7575 

•8310 

4-0 X 6-0 

4•5440 

■8264 

•8806 

4-2 X 6-3 

4-9306 

•8608 

•9049 

5-0 X 7-6 

7-1000 

1-0330 

1-0219 

5-4 X 8-0 

8-0782 

M019 

1-0068 

5-10 X 8-9 

9-6639 

1•2052 

1-1325 

6-0 X 9-0 

10*224 

1-2396 

1-1540 


For proportional areas and hydraulic mean depth when flowing at other proportional depths see table 27 


Table No. XXVII. 

Proportional values for velocities and discharges in egg-shaped sewers running partly full. 

(Santo Crimp’s Tables 1897) 


(Calculated from the value of 3Nr* ) 


Prop. 

Depth. 

Prop. 

Area. 

Prop. 

H. M. D. 

Prop. 

Velocity. 

Prop. 

Discharge. 

•01 

•02 

•03 

•04 

•05 

•06 

•07 

•08 

•09 

•10 

•0015 

•0042 

•0076 

•0116 

•0161 

•0209 

•0260 

■0315 

•0372 

■0432 

•0340 

•0671 

*0092 

■1302 

•1603 

•1894 

•2171 

•2435 

•2679 

■2917 

•1050 

•1651 

•2143 

■2569 

•2951 

•3298 

•3612 

*3899 

•4158 

•4399 

*0002 

•0007 

•0016 

•0030 

•0048 

•0070 

•0094 

•0123 

•0154 

•0190 
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Prop. 

Depth 


Prop. 

Area. 


Table No. XXVII— 


Prop. 
H. M. D. 


Prop. 

Velocity 


•11 

-12 

•13 

■14 

-15 

•16 

•17 

•18 

•19 

•20 

-21 

•22 

•23 

•24 

•25 

•26 

•27 

•28 

•29 

-30 

■31 

•32 

•33 

•34 

•35 

•36 

•37 

•38 

•39 

•40 

•41 

•42 

■43 

■44 

•45 

•46 

•47 

■48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 


Prop. 

Discharge 


•0495 

•0561 

•0629 

•0700 

•0773 

•0849 

•0927 

■1007 

■1089 

•1173 

•1259 

•1347 

•1437 

•1530 

•1625 

•1721 

•1818 

•1917 

•2017 

•2119 

-2224 

-2331 

•2438 

•2546 

•2655 

•2766 

•2879 

•2993 

•3108 

•3223 

•3339 

-3457 

•3577 

•3697 

•3818 

•3940 

•4062 

•4186 

•4310 

•4434 

•4560 

•4686 

•4813 

4940 

5068 

5196 

5324 

5453 

5583 

5712 

5842 

5972 

6102 


•3149 

•3375 

•3591 

•3802 

•4009 

■4208 

•4403 

•4594 

•4781 

•4962 

•5139 

•5314 

•5488 

•5660 

•5829 

•5995 

•6158 

•6319 

•6478 

•6633 

■6787 

•6938 

•7086 

•7233 

•7378 

•7519 

•7658 

•7795 

•7931 

•8066 

•8199 

•8328 

•8456 

8582 

8705 

8827 

8947 

9064 

9180 

9294 


•4628 

•4847 

•5051 

•5249 

•5437 

•5615 

•5787 

•5954 

•6115 

•6268 

•6416 

•6561 

•6703 

•6842 

•6976 

•7108 

•7238 

•7364 

•7485 

•7605 

•7723 

•7837 

•7948 

•8056 

■8162 

•8267 

•8370 

•8470 

•8569 

•8666 

•8760 

•8852 

8942 

9031 

9117 

9202 

9285 

9366 

9446 

9523 


•9405 

•9599 

•9515 

•9674 

•9623 

•9747 

•9729 

•9819 

•9834 

•9885 

•9936 

•9956 

1-0035 

1-0022 

1-0132 

1-0087 

1-0228 

10151 

1•0323 

10214 

1-0415 

1-0275 

1-0504 

1-0334 

1•0593 

1-0391 
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•0229 

•0272 

-0318 

•0368 

•0421 

•0477 

•0536 

•0599 

•0666 

•0735 

•0808 

•0884 

•0963 

•1046 

•1133 

•1223 

•1316 

•1412 

•1510 

■1610 

•1714 

•1822 

•1934 

•2049 

■2166 

•2286 

•2410 

•25.35 

•2663 

•2793 

•2925 

•3061 

•3199 

•3339 

•3481 

•3625 

•3772 

•3920 

•4071 

•4223 

■4377 

•4533 

•4691 

•4850 

•5011 

•5173 

•5336 

•5501 

• 5667 

■5835 

•6004 

6174 

6346 
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Table No. XXVII — Conid, 


Prop. 

Depth. 

Prop. 

Area. 

Prop. 

H.M. D. 

Prop. 

Velocity. 

Prop. 

Discharge. 

•64 

•6233 

1 0680 

1 0447 

*6513 

•65 

•6363 

1-0763 

1 0502 

•6683 

•66 

•6494 

1 0845 

1 0556 

•6855 

•67 

•6624 

1 0926 

1-0608 

*7027 

•68 

•6755 

1•1003 

1-0658 

•7199 

•69 

•6885 

1•1079 

1 0707 

•7372 

■70 

•7015 

11152 

1 0754 

•7544 

•71 

•7145 

1 -1222 

1-0799 

•7716 

•72 

•7274 

1-1289 

1 0842 

•7887 

•73 

•7403 

11354 

1-0883 

•8057 

•74 

•7531 

11415 

1-0922 

•8225 

•75 

•7658 

11471 

1 0952 

*8392 

•76 

•7784 

11525 

1-0992 

•8556 

•77 

•7909 

11574 

1-1023 

*8718 

•78 

•8032 

11618 

1-1051 

•8878 

•79 

•8153 

11661 

1-1077 

•9036 

•80 

•8273 

11696 

1-1100 

•9191 

•81 

•8392 

1-1724 

1-1119 

•9332 

•82 

•8510 

1-1748 

1-1134 

•9475 

•83 

•8625 

11767 

1-1146 

*9614 

•84 

•8738 

11780 

1-1155 

•9747 

•85 

•8848 

11787 

11159 

*9873 

•86 

•8955 

11783 

1-1156 

•9993 

•87 

•9060 

1-1778 

11153 

1-0106 

•88 

•9163 

1-1763 

11144 

1-0210 

■89 

• 9262 

11739 

11128 

1 0306 

•90 

•9357 

1-1704 

1-1106 

1 0392 

•91 

•9448 

11661 

1 -1078 

1 0467 

•92 

•9535 

1*1606 

1-1043 

1-0531 

•93 

•9618 

11538 

1-1000 

1•0580 

•94 

• 9695 

11456 

1-0948 

1-0615 

•95 

•9707 

1*1356 

1-0885 

1-0631 

•96 

•9832 

1-1235 

1-0807 

1 0626 

•97 

•9891 

11086 

1-0710 

1 0594 

•98 

•9940 

1-0897 

1•0590 

1 0526 

•99 

•9979 

1-0638 

1 0421 

1 0399 

1-00 

1 0000 

1-0000 

1•0000 

1■0000 


113 (C ):—Sullage and sewage Pumping Statioi%8 :— 

, Ancients were wise to build an intercepting open drain round the walled city of Lahore, with a cunette m 
•n ® carry sullage and the upper part to carry storm water, right into the river Ravi by Gravity. Ihe 

^rt of the out-fall through the old bed of the river was covered and provided with Manholes here and there from 
wmch the Sullage was lifted by Persian Wheels, driven by bullocks and then mixed with fresh water from shallow 
® used for sullage Farms. This arrangement brought lot of income to the Lahore Mumoipahty without the 

^ise of any Pumps. s e 

Ktt + 1. of Lahore has now extended far and wide, a complete water-borne system of sewerage was desired 

oy tHe Writer in 1926-1928 and the execution of this scheme is now nearing completion. It involves the instaUation 
ower-driven Pumps and up-to-date Sewage Disposal works at a very heavy cost. 

fai] ^ Montgomery in Pimjab, all the drains, including the outfall, were designed to carry a flow of l/2(Hh ram 
^ per horn, m cunette section, from the commanded area. Rainfall per annum is 10 inches on average. Potable 
tifnrJ domestic purposes is 10 Gallons per head per day of 24 hours. At the end of the outfall, balaiming 

»nnf have been built to store sullage when pumps are not working. Chokeless centrifugal pumps 

«l spindles, driven by oil engines, lift sullage for 3 to 4 hours in the morning and also in the evemng. Overall 
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efficiency of Pumps and Engines is 40 per cent. Cana! water at the rate of 2i gallons per head per day is stored in 
open tanks and pumped to different parts of the city to flush the drains. 5000 GaUons of suliage are distributed on 
suUage Farm, one acre, in 24 hours, l/3rd of the area of the Farm is to lie fallow every year. 

Sewage from New Delhi was carried to Kilokree through outfall Sewer 84" in diameter which was provided 
with an overflow for storm water at a suitable point, the diameter of the sewer being reduced from the overflow point 
onwards to the Pumping Station. At Kilokree, Pumping Station was built to house boilers and three sets of Sewage 
Pumps (Worthington & Simpsons). Pump Horse Power of each Pump = 146: Steam per P.H.P. per hour = IGlbs., 

5 lbs. of steam are produced by one lb. of rubble coal 2" in diameter, which weighs 50 lbs. per cubic foot as arranged 
in a stack. 

Each set of Pumps consists of 4 vertical plungers driven by reciprocating Horizontal bars actuated from Triple 
expansion steam engines (in duplicate), fed from steam boilers, for which pure water was used to produce the steam. 
Pure water was also required for Pump glands’ water-seals at the rate of 30 gallons per minute for each set of Pumps. 
This water was obtained by Pumping Sewage in a high level settling Tank and thence spread through sprayers on 
aerating filters and thence passed through slow sand filters, the rate of filtration being 36 gallons per square foot per 
day of 24 hours, on the top surface of the filter : Purified Sewage was also used for condensing water and cooling 
water for the steam engines. This Purified sewage as it comes out of the Aerating Trickling filters, is stored in large 
cooling open tanks from which the cooled sewage flows to the condensers and is pumped back to the cooling tanks. 

113 D :—Sewage disposal :—At Kilokree for N^ Delhi, Raw Sewage was distributed on the Sewage Farm 
1600 acres (400 acres being occupied by buildings, Tanks, filters, etc.), out of 1200 acres, 400 were to lie fallow, the 
balance of 800 acres was brought under cultivation in 1925. 5000 Gallons of Sewage were distributed on one acre 

of land in one day of 24 hours and the whole farm was leased to contractors for cultivation who paid Rs. 50,000 per 
annum. In a few years, the raw sewage rendered the whole farm sick and water logged. The New Delhi Government 
bmlt a new outfall sewer which carried Sewage by gravity from Kilokree for about 2 miles, further to the south, for 
treatment by Simplex Plant and then disposal in rain water drains and use by farmers for irrigating fields, watering 
trees, etc. This Simplex Plant has cost several millions of rupees. 

Some of the Sewage in Bombay is disposed of by Simplex Plant at Dadar Ry. Station at a very high cost. 
Lately Mr. N. V. Modak, an eminent Engineer, has installed a special Plant to treat the Sewage at a very reasonable 
cost; (Refer to Bombay Municipality). 

The Writer put up in 1937 an installation at the New T.B. Hospital at Kasouli near Simla. Advantage of 
the sloping hiUs was taken to avoid Pumps. The Sewage was carried to a digestion tank to store 10 gallons of Sewage 
per head per day of 24 hours ; thence to sprayers to aerate the effluent on the top of an aerating filter, therice to a 
slow sand filter and finally to Sewage Farm, all by gravity. This arrangement has been adopted on his own initiative 
by Mr. N. V. Modak in Bombay with improvements, viz. the slow sand filter has been eliminated and compressed ^ 
is forced in the aerating filter instead of using the sprayers. Under this device, a great deal of effluent 
and purified at a reasonable cost (The Institution of Engineers (India), Bombay Centre. 27th Annual Report 194 i-45). 


170 



rig. I uj 


< 


O ^ O m d ri "r????? o ? 


113d bs 


N\ 


V3yv 


oc 

o 


*o|t5r 

0 


a 

z 


a ^ 


I 


i 


UU. 



§ 2 
2 m 


aNOpas bad %}snou\ vo"ij 


H-| t- V t '- |““ l l|-t > -J tM l I I .t - t-4-t..H 

sr»or\ ^ 9k. ** ^Vl 


O O« O OO O 

O OO O 


^ o in « 

C< •' 


O o O O 


X ^ 

O o 
o o 


o 

>- 

a 

Z 

< 



z 

.2 

< 


< q: J-. 4 - 4-4 


(0 <n Tj* 


i I—I I > 1 I I I I i I i H I 4 ^ I I I I I I I ]- 1 I ' * * < I i I > I M » i « I n i I * I 

fa*4)b3i.3VA4i^3d a3iiaM-i-(^ as;vabv = sniavb Nvaw pinnvbQAH 


^ 1“^—I—I—|j ] I * jn.. I I ■ 1 A jij f I) I I I ^ I j__i I I I 11 | u i I m 1 - 1 1 * 1 ‘I* I ' I ‘ I * t * 

5^ o ^ o sc^^^ ^0 y» ^ CO n to T ‘P 

£io.= N vinwbOd sa3ixn>^ ••aNooas bad xa^d n* Axioon3/\ 



z 


o 

I- 




z 

o 






(/I 

z 

< 

^ -Id 

o 


Ui 

tc 

CD 

D 

ct: 

iA 

<z 

ui 

> 

P 

U 

o 


<D 


h 

J 


t/J 

Z 

5 

a 

Q 


\A 

z 

< 

cr 

Q 















Practical Hydraulics And Its Applications 



CHAPTER XVI. 
Hydraulic Observations. 


114. (a) Preliminary. 

An engineer is often required to calculate discharges of water in natural storm water drains, in canals, pipes, 
sewers and rivers. When these channels are dry or carry little water in dry season, the best thing is to select a straight 
run of the channel with more or less regular section and regular bed slope. The ‘ straight run ’ should be as long 
as possible upto 2,000 feet. Take cross-sections at convenient places and the longitudinal section of the bed. By 
Kutter's formula, the discharges can be worked out to any required depth above the bed level. 

If the channel carries a large quantity of water, then the following methods are to be used to calculate the 
discharge. 

(6) Soundings. 

To plot the cross section, soundings are taken as described below. 

In small streams with depth of water about 10 feet, it is usual to stretch a cord from bank to bank and to 
determine the depth at equal intervals along the cord. The mean of three such cross sections at intervals of say 50 
or 100 feet along the course of the stream is taken as average cross section. The depths of water at stated intervals 
are measured by a sounding pole, divided into feet and tenths and provided with a flat disc at its lower end to prevent 
its sinking into the soft parts of the bottom. 


If the depth of the water is more than 
10 feet, boats or steam launches are used for 
taking soundings, and the measuring rod is 
replaced by a sounding line of hemp rope, 
preferably with a copper core. 

If the channel is a deep and broad 
river with a swift current, boats or steam 
launches with a sounding line of steel wire, 
weighted at bottom with a heavy weight, 
are used. 

The weight should preferably be of 
, the form shown in flg. 103 conical at one 
end and fitted with a disc at the other to 
keep it in position. 


Fig. 103 E 




Mr. F. F. Haigh, c.i.E., once Chief Engineer, Punjab, has invented a ‘ Depth-Meter * to measure , 

flow in deep turbulent and swift rivers. It is based on Boyle’s law, viz. PV = Constant. The observations 
made give constant results. The inventor is perfecting it. It is a very ingenious device. 


Kelvin tubes have also been tried 
in Sindh with not accurate results. 

While gauging the discharge of river 
Sutlej at Sunni, about 20 miles from 
Simla, in 1909, the writer used fine steel 
wire and a heavy weight of stone for 
soundings between the two vertical cliffs 
which form the two banks of the river, 
which passes through a gorge with a 
velocity of 10 to 15 feet per second, 
precluding use of a boat or a launch. — - o 

In the fig. 104, PPP. ^ 

shows a line of flags fixed on both banks 
of a large river and at right angles to 
the centre line of the river. The poles 
P^ and P^ also show flags fixed on the 

banks up-stream of the line PPP. 

The lines P^ P^ are at right angles to the 
line P PP. 
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An obsen’er coming down the river in a boat can by means of a pocket sextant, read the angles P O and 
P* 0 when the boat drifts down to the point O. A steam launch will serve this purpose better. By this method 

the position of the point O can be fixed along the line PPP.It ig granted'that the 

position of the point O cannot be measured by a tape or chain from the bank of the river. 

Two surveyors with theodolites at points P^ P^ can also fix the point O. 


115. Measurement of velocity. 

When the velocity is observed at one or more points in the cross section of a stream, the process is termed 
“ Point measurement”. When the mean velocity on a line in the plane of cross section is found directly, it is known 
as integrate measurement. Velocity measuring instruments are of two kinds namely (i) floats and (ii) fixed instru¬ 
ments.^^ Fixed instruments give the velocities in one cross section of the stream only. Floats give the average velocity 
in the “ run ” or length over which they are timed and not that at one cross section. Floats are used only in open 
streams but fixed instruments in open streams and some times in pipes. 

With most instruments, time observations are necessary. For this purpose, chronometers, stop watches and 
sometimes ordinary pendulum are required. 


(a) Floats include surface floats, sub-surface floats, and rod floats. 

• xi. floats: Divide the cross section of the stream in 10 or more parts. Take the surface velocity 

m the nuddle of each part. 

Surface floats are used for point measurement. For surface velocities, surface floats alone are, in regular 

unless there is considerable wind. To guard against wind disturbance, globular floats 
e e shape of an orange are recommended. For deep water, empty bottles will serve the purpose. For shallow 

water, a circular disc with a painted knob will do weU. 

ihf^ fln “ run ” of the channel over 100 feet in length ; mark the ends of this “ run ” by poles. Take 

thi» anf I*' ^ uttle upstream of the actual point and place the float in water. When the float drifts down to 

will time by a stop watch. When the float reaches the end of the ‘ run * mark the time. This 

g e you the surface velocity. Calculation of mean velocity from the surface velocity is treated below. 

does must be taken to see that the float travels down more or less in a straight line parallel to the bank and 
checked much from it. This method is only approximate but is very rapid ; and when systematically 

y more accurate methods, is very useful. Take several such surface velocities and find out the mean of all. 

at the m^dd?p^ f discharge of the particular portion of the cross section of the stream, the mean surface velocity 
depth of the stream ^^^mg been found, it is now necessary to calculate the mean velocity along the vertical 

Vg = the mean surface velocity. 

the mean velocity along the vertical line, then 

Vra= P Vg .103. 

P — 0-79 to 0*91 ; 0*85 for river Danube, 

gravel of fist 399), where P is greatest for sandy beds and lowest in the case of rivers carrying 

p _ 

^ ^ Switzerland mountain streams with stony beds. 

^ 0 90 rivers with extremely fine sand, carrying large volumes of water. 

_ do. do. do. when in flood in hills. 

= 0 8^ ^ for American rivers in floods. 

Th ^ ^“ojab as deduced by ;Mr. Goodman, (excluding hill streams). 

Gutter’s fo^iWn^V^^ ^ fairly well known that P increases as the depth increases and as N, the rugosity fact<^ in 

P^ge IbO^uvefl ^ small and rough channels, P has been found as low as 0*60. Bellasis in his book 

incTfases 1m otho,. ** ^ i of P varies from 0-83 to 0 • 95 as the depth increases and the smoothness of the channel 
p * ^ otner words the value of N decreases. 

his book ‘ Control of water ’ page 62 gives a table showing that the value of P decreases as the ratio 

mean The reader can assume the value of P from "the above considerations and work out the 

^ ^ vertical and then the discharge of the portion of the cross section of the stream in question. 

^icluded).^ ^ vertical occurs at a point 0*6 of the fuU depth of flow from the bed. (Hill streams 

PiiyaicalJy posable ^ ^ approximate but useful when rivers are in high floods and more accurate methods are 
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* j ^ 5M6-5Mr/a/:c/oc^5 .—A float used for measuring the velocity at a given depth below the surface is called 

a double float . A submerged Lower float ’ somewhat heavier than water is suspended by a thin wire from a 
buoy which moves on the surface, as shown in the figure 105. 


Fig. 105 


The buoy or top float is usually a hollow steel ball so is the 
lower float which is made a little heavier than water. 



The depth * d ’ of the lower float is regulated by the length of the cord. The velocity is then obtained by 
timing the top float over the known distance. This is the average velocity for the depth d. Bellasis recommends the 
use of a multiple float with several equidistant submerged floats, the lower ones heavy and the upper ones light, the 
distance of the lowest from the bed and of the highest from the surface being half the distance from the two adjoining 
floats. All these floats are best suited for slow currents and where the river or channel is free from weeds. 




(li?) Rod floats :—Having taken the cross section of 
stream by soundings and having plotted the same on paper, 
can see the depths of flow in the stream in different parts of 
cross section. Gauge the velocity of each part separately. 



A rod float is a cylinder of tin sheet, ballasted with shot, so that it floats upright in still water. In flowing 
water it tilts, as shown in fig. 106, because of the differences in the velocities of the stream, and it mo^es u 
steadily owing to the irregular movements of water. Its length should be such that the bottom end does no g 
stuck in weeds or in mud or in sand. 

Hollow rods of sheet iron are far superior to those of wood and should always be used. The 
in short lengths, one screwed on to the other to make up the required length and loaded with sno i 
bottom part to keep the float vertical. 

Select a length of over 100 feet where the channel is straight and uniform in section. Mark thrw Pendants 
feet apart by flag lines across the channel. Stretch wires from one bank of the channel to the other wi 1 

fixed at points 10 feet apart. Now move the float from one pendant to the corresponding pendants on means 

3rd cross wires, parallel more or less to the main flow line of the stream. Time the journey of each oa - 
of a stop-watch. Thus we get the velocity of the rod float at each pendant, which is supposed to be in 
each part, the cross section having been divided into suitable parts. 

The velocity of the float so obtained, is the average velocity on the vertical plane in which the float m ^ 

The velocity near the bottom of the channel is generally slow and for this reason it is Francis, 

reaching too close to the bed would move too slowly and this would affect the average ^locity. a. go of the full 
a celebrated French hydraulician, recommends that the length of the rod should ^ ii^onth the velocity 

depth of flow along the line on which the rod is intended to move. If the length is 0 ■ 93 of the lu p 

found is 2 per cent in excess of the real. ^ 

In rough earthen channels, a rod of the proper length can hardly ever be used 1881.“ 

for its shortness ; for detailed information see “ Boorkee HydrauUc experiments, Cunningham. Carmel. 

Francis states that the real mean velocity of the float depends upon the width and f®P^\nd*the'^bottom 
roughness of the bed and the sides of the channel, and the clearance between the lower end oi tne r 
of the channel. The actual velocity varies from 0* 96 to 1-00 of the observed velocity. 
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The method of gauging by rods is accurate only upto 2,000 cusecs discharge in channels, above that figure, 
current meters are recommended to gauge the velocities. (Fig. 107). 


The floating rod method is certainly far superior to the surface float method of gauging. The rod float gives 
integrated measurement on a vertical line. It is not suitable for large rivers carrying turbulent flow. A rod float 
should be used five times on the same length of the stream and average taken. 

INIr. S. L. Malhotra, i.s.E., in his paper Xo. 272 presented before the Punjab Engineering Congress (volume 
32—1945) describes rod floats in a proper manner. 
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Fig. 107 shows a current meter. The same are of different makes, each maker claiming special merits of his 
make : P.W.D. should be consulted about the best make and instructions as to its use are given by the makers. 

(6) Fixed Instruments. 


Fig. 108 


Water SuRFAce 


(i) Pitot's Tube :—This in its 
simplest form as invented by Pitot consists 
of a glass tube with the lower end bent 
through 90® (Fig. 108). 


Impa c^t-Tube 



TUBE 


Holes 

It is used to measure the velocity head of a flowing liquid. It is placed in the moving liquid with the bend 
pomting upstream. The liquid flows up the tube until all its kinetic energy is converted to potential energy ; the 
velocity of the fluid may then be estimated by the height of the liquid in the tube. 

Applying Bernoulli’s equation to the points A and B one inside the tube and the other outside. 

Total energy at A = total energy at B 

V2 


H + h = H + 


2g 


h = 


V2 


2g 
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L» iriK^:.rb:= 

Theoretically, if h be the difference in level of the water columns, then = 2 eh cives the velocity of the 

d™stream s^rlrCbpina * extremely difficult to prevent the pressure holes in the bend of the 2nd tu^on the 
down stream side, from bemg exposed to some action by the current in the nature of suction, producing a depression 

of the correspondmg water column. Hence as a rule V = C V 2gh, where c is a coefficient of the instrument. 

The manufacturers of this instrument so devise the apparatus as to keep c as unity. 

hpflH ‘ be rated by moving it several times in still water with known velocities and the velocity 

,- * known readings of ‘ h ’ the value of c can be found from the formula 

= C V 2gh. The several values of c so found can be averaged to arrive at a ‘ Constant ’ of the instrument in hand. 

, The instrument can inserted through a stuffing box, into a pipe carrying known discharge with a known 
velocity. The readmgs of ‘ h ’ can be taken and the coefficient c can be ascertained. 

apparatus^ instrument is manufactured in several types by different makers, each claiming special merits for his 


A Pitot s tube is generally used to ascertain velocities in pipes and in small very smooth channels. It is also 
very usetui to ascertam the velocities of jets on impulse wheels. In this case the impact tube is connected to a mercury 
column or the ordmary Bourdon pressure gauge. 

It U well adapted for observations in channels with depth of flow from 5 to 6 feet. It has the advantage of 
requiring no time observations. It is now so well manufactured that it can be fixed to rod and lowered to ascertain 
velocities m channels carrying silt laden water, specially near the border and the bed, where a current meter can not 
be used for fear of its mechanism being clogged by the silt in water. 

The instrument can not be well used for very low velocities. See P.E.C. paper No. 265, Vol. 32 (1944). 

At hydraulic research station, Malikpur in Punjab, the following Pitot’s tubes are in use. 

Prandtl type for general work. The Gallen kemp Industrial type for measuring high velocities. 

Universal type for recording flow in different directions. 

Benzl tubes are used for measuring large velocities. 

This instrument is also very useful to determine the direction of maximum velocity. 

(«') Miscellaneous Pressure Instruments :— 

Ingenious hydraulicians have invented other pressure instruments which are seldom used for gauging velocities. 
Only mention of some of these is made here. They are 

Piezometers. 


Perrodil’s Hydrodynamometer. 

Hydrometric Pendulum. 

Bruning’s Tachometer. 

Further information can be obtained about these from firms dealing in such instruments. 


116, Water levels and surface slopes, ^ 

(a) It is often necessary to observe water surface levels in canals, rivers, mountain streams, 
by means of gauges. A gauge in its simplest form is a vertical scale fixed in a stream and graduated to e 
a foot like a levelling staff. Sometimes one sees a gauge marked on a pier of a bridge built across a nver, , ^ 
being at the average bed level so that the reading gives the depth of water. Sometimes the gauge is a p 
enamelled iron, screwed to a wooden post fixed in the bed or spiked to an abutment of a bridge or culvert. 


If the gauge is exposed to current, it may be damaged by floating bodies. 

To overcome this difficulty, the gauge is often fixed in a small masoury well built in the bank of the strea m 
connected with it by means of a small channel. 
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The above class of gauge is not of very great accuracy. Therefore floating gauges have been invented. The 
graduated rod or staff is attached to a float at its lower end which rises or falls with the water-level. The rod travels 
vertically between guides and it is read by means of a fixed pointer on a level with the eye of an observer. The 
float and rod should be of metal so that they may not absorb moisture, the float being conical. 

\Vbere a gauge does not exist, the water level can be measured from a fixed point, such as top of parapet of a 
bridge, whose level with reference to the bed of the channel being known. 

On huge artificial lakes, self registering gauges are seen working. A pencil actuated by a float moves vertically 
and records on a band of paper, wound round a drum, moving horizontally by clock work. 

The level of still water can be observed with great accuracy by Boyden’s Hook-gauge, which consists of a 
graduated rod with a hook at its lower end. The rod slides in a vertical frame carrying a fixed vernier and is worked 
by a slow motion screw. The rod is moved up and down till the jwint of the hook touches the water surface and the 
pointer on the rod above gives the reading by means of a vernier. This kind of gauge is not of much use in rivers 
where the water surface oscillates. 

A pointed plumb-bob, hung over the water by a steel tape from the top of a masoury wall or a pier or a bridge 
parapet gives an accurate readmg. The point of the bob touches the water surface and a vernier can be used to 
read the decimal parts of the tape. 

(6) Surface slopes. 

The longitudinal section of a stream can be taken by means of a level and staves if the depth of flow is under 
five feet and the current is not very swift. If the depth exceeds 5 feet, then soundings are taken, the sounding line 
being provided with a flat disc at bottom. Thus the longitudinal section of the bed of the stream is taken and plotted. 

The slope of the water surface is easily measured by means of a level and levelling staves. To guard against 
the inaccuracies caused by the waves in the stream, two ditches are dug from the extremities of the slope length, both 
leading into gauge wells. The water surface in these weUa is observed by means of a level and levelling staves. The 
distance between the two wells gives the length of the stream and the difference between the water levels gives the 
surface slope. 

117. Discharges. 

(а) Discharge from an orifice can be ascertained by means of filling a large vessel of known capacity and timing 
the operation. 

For Simla water supply scheme, the writer put up v notches across nallas carrying spring water under one 
cusecs. For 5 to 10 cusecs sharp edged weirs of wrought iron plates fixed in masoury walls were used. For discharges 
opto 25 cusecs, a channel about 10 feet wide and one foot deep was made in the bed of the Xauti- khad near Simla. 
About 100 feet length of the stream was taken as a straight run : cross sections of this temporary channel were taken 
at 10 places, 10 feet apart with a level and staves. Velocity was calculated from Kutter*s formula, with X as 0 • 35, 
the b^ of the stream consisting of pebbles and coarse sand, the sides of the temporary channel of ru bble stone walls. 

(б) If the stream is a river of considerable depth, three or more cross sections are taken at points where the 
river has a well defined run and well defined widths. 


Fig. 109 



The croas sections are plotted and each section is divided into suitable segments. Average velocity in each 

9^j^t is obMTved. Area X mean velocHy of each segment gives the discharge of that segment. Sum of discharges 

of Xheae aegmenu gxvea the diaeharae of the river at the particular cross section. Average of such three discharlea 
is the discharge of the river. (P. K. C., Vol. XXXIII. IWS). aiscnarges 

When the river is in flood, the flood level is to be noted. When dry, the flood marks are to be ascertained and 
their levels 
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If A be the area of cross section of the river flow 


and when in flood, these be, A^, r^, Q^. Then 


Q 


in dry weather, r the hydraulic mean radius, Q the 

C Ai ri 

C A r . 


discharge 
.104. 


The bed slope of the river may be scoured a little during floods ; but this will not affect the flood discharge appreciably 

Sometimes discharges of a river are ascertained by means of a gauge, a device which reads the elevation of the 
water surface in a stream with respect to a certain datum. It either reads in feet, with zero at the lowest bed level 
of the river or directly in reduced levels. 

The discharges of the river are observed and worked out at different depths of flow by taking cross sections 
at well defined points and by Kutter’s formula. A discharge curve is plotted on a piece of paper and the relation 
between the gauge readings and the corresponding discharges of the river is established from the curve : Thus a gauge 
reader notes the gauge readings daily and informs his superior about it. When we read in newspapers that the 
gauge reading at Attock on Indus River is getting higher, we know the river is rising by so much and the discharge 
is increasing. 

The discharges of channels are measured by current meter (Fig. 107) if velocity is more than 0* 75 ft. per second, 
by rods if v is less than 0 • 75 but depth more than 1 *0 ft. and by surface floats using coefficient 0-7, if velocity is less 
than 0-75 ft. and depth less than 1-0 ft. 

(c) Flume :—Discharge observations in an open stream are greatly facilitated by the construction of a * flume *. 
A short length of the channel is constructed of masonry or timber. The sides may be sloping but are preferably 
vertical. In the absence of silt deposit, the section of the stream is known from the water level, and if rod floats are 
used, they are of one length. The surface velocities are observed at different points and a mean is worked out. The 

discharge is thus found. 

(The Lea Recorder Co., Ltd., Manchester, have constructed recorders to record the flow Uirough channels by 
means of introducing standing wave flume in the length of the channel. The difference of levels in the water surfaces 
of the main channel and the throat of the flume are indicated by floats and recorded on moving drums by clock-work 

and pencil pointers). 

The surface slope and bed slope can be ascertained by means of a level and two staves. Velocity can be found 
by Kutter’s formula. Thus the discharge is worked out. 

(d) Venturi flume in a channel .—This is also of importance and is therefore given here. 

The quantity of water flowing along a channel can be measured by restricting the width as shown m fig. 110. 
This is known as venturi flume and corresponds to the throat of a venturi meter used for the measurement ot pipe now. 

Fig. no 
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The quantity of flow past the normal section and that past the narrow section are the same. 


Q = BhV = bhiv. 


Evidently v is greater than V. The water level in the narrow portion falls, 
constant as shown in the elevation. By Bernoulli’s equation, the total energy 

The discharge Q = k (hg h^^—. 

Where k is a constant for a given flume, which includes all losses. 

Q is maximum when hj = § h^ . 

5 

Q (maximum) = 3-09 b hg . 

Q = bht 

(B2h2 — b2 . 


The total energy remains practically 

vs 


h, = 


hi -|- 


106. 


106. 

107. 

108. 


This should be multiplied by a coefficient, found experimentally, in order to allow for any losses in the flume. 
Generally this coefficient is approximately unity. 

It is possible for a hydraulic jump to occur in the down stream portion of the flume if the conditions are 
favourable. 


See article 96. 

Venturi flumes have been used at the heads of water-courses taking off from canal distributaries, vide naner No 125 
P. E. C. (1929) and paper No. 205 P. E. Congress (1937). ^ ^ ' 

(c) Discharge through pipes. 

If a pipe has been in use for some years, it gets incrusted on the inside. Its clear diameter is measured by 
means of a rod with a hook inserted through a stuffing box. For obtaining the mean diameter in a length of the 
pipe, one method is to fill the pipe with water by means of a 5 gallons measure ; count the number of gallons poured 
m and find out the cubic contents of the water. The diameter of the pipe can thus be ascertained. 

The discharge through a pipe can be ascertained by reading hydraulic pressure gauges at two or more points 

at a known distance apart. The difference in pressures divided by the distance gives the hydraulic grade which 
gives the discharge. 

Venturi meters are nowadays used to record discharges through pipes. 

(/) Tofiiid coefficient of velocity for discharge through an orifice. 

When the water rushes out of an orifice, the jet describes a parabola. The velocity of the jet is found by 
observmg its range on a horizontal plane. 


Fig. Ill 
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109. 


= 2 (h hi)i 

V — c ■>l2ghj , Thus when X is measured, h is measured, and hj is measured, the value of C can be ascertained, 
(ff) A weir in a thin wall affords the best means of measuring the moderate quantities of water. For 


discha 


rges over weirs and sluice gates in Barrages across the rivers. See paper No. 272 P. E. Congress (1945). 
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The method consists in measuring the depth of water over the crest of a weir, including the velocity of approach 
and the use of this depth or head in a suitable weir formula. Rectangular weirs of two types viz, sharp crested and 

broad crested are used for discharge observations and have the following characteristics:_ 

(t) Sharp crested weirs. 

The discharge over a sharp crested weir is effected by (o) the sharpness of the crest, (6) smoothness of upstream 
face of the weir, (c) distribution of velocities in approach channel, and (d) ventilation beneath the Nappe. 

The discharge is quite accurately given by Rehbock’s formula. 


Q = f LH 




605 -f 


320 H—3 


+ 


0-08 



where L = length of weir and P = height of crest above floor of upstream approach channel. 

It is, however, difficult to maintain a weir in the standard condition and a departure from such conditions 
means increased discharge. This type of weir is used mainly for experimental purposes and is rarely found on the 
irrigation channels. 

(ii) Broad crested weirs :—A broad crested weir, working modularly, forms accurate means of measuring the 
discharge and this method is in use on most of the Punjab canals now. The previous practice, which is being replaced, 
was to frame a discharge table for the earthen section of a channel, from accurately observed discharges in the form 


& 

3 


Q = K D . The discharge over a broad crested weir is given by the formula Q = C L (h + ha — hf)» where 
C = 3*087, the maximum theoretical value under any conditions and n = 1*5. The head due to friction hf varies 
with velocity, silt contents, water temperature and viscosity, and is negligible. Further, due to local peculiarities 
of construction the theoretical values of C and n are not attained in actual practice and the weirs are calibrated before 
being applied for discharge measurements. The process of calibration consists in actual observations of discharges 
with extreme accuracy and care at J and full supply conditions and thus at least seven observations are collected 
at different gauges. The equation for the meter is then worked out by the method of least squares applied 
to logarithms of the observed data. The head to be used in the formula is the depth of still pond level over the crest, 
i.c., the gauge plus head due to the velocity of approach. It is, however, more convenient to find the relation of the 
discharge with direct gauge reading without adding the head due to velocity of approach and this shall apply ^y 
within the range of gauges observed. Two meters have recently been calibrated and the following relations have been 
obtained :— 


Site of meter 


Equation in terms of H = h + ha 


Equation in terms of Gauge readings 


R, D. 27000 L.B.D.C, 
R. D. 1000 L. J. C. 


q = 3186H 1-503 

q = 3 033 H 


Q = 3 * 112 G 1-5* 
Q = 2-968 G 1-5®* 


It will be seen that the co-efficient and index of head vary appreciably from the theoretical va ’ Un¬ 
reasons can be traced to peculiarities in construction. It is held by Parker that “ a weir is a ve^ result 

instrument but like all other measuring instruments it must be carefully standardised in order to ge „rinn the 

from its use and the standard should be copied in details, which at first site appear to ® n position of 

discharge.” The necessity for standardisation of such weirs in respect of shape and splay ot wmg » P 

gauge wells, etc. is manifest from the above facts. t. in the weir 

The accuracy of calibration depends upon the accurate measurement of Q and H, the two ® Doint with 

formula, and precautions like proper selection of discharge site and siting of gauge, upstream m ^ ^ 

zero at mean crest level and calculation of velocity of approach at gauge section line, should e o f temnerature. 

Observation of discharges should be taken with a pair of newly rated meters to obviate ® ® ^ right 

Two observers should simultaneously take the observations in the forni of a -vArv fifteen minutes, 

and then right to left. The gauge should be kept steady during observations and should be rea y 

Observations with a variation of *02 ft. should be rejected. , n j • * thp effect of local 

As stated above, the deviations in the values of C and n from the theoretical, ®P*® 

peculiarities in the construction of the meters, the theoretical values being for ideal con i<m . —p^rimental and 

Weir method being the most accurate one, especiaUy for smaUer discharges, is weir, sharp 

research work. In the Irrigation Research Institute at Lahore, the contrivances used , calibration curv^ 

crested weir and V notches. The weir have been calibrated by actual volumetic ™®*®.“^po>ihnrk '3 formula. The V 

have been prepared, which for the sharp crested weir agrees remarkably closely with Ken^c 

notches are made in steel plates with brass sharp edges. A 90 V notch w --p^ionsiy — 
formula Q = 2 ■ 25 H®- s with H from 0 • 1 to 0 ■ 6 against the foUowmg formulae arrived at previous y - 

Thomson Q = 2 -54 ^ with H from 0-1 to 0 • 6 


King 

Barr 


Q = 2-52 
Q = 2*48 


with notch in Comm n Steel plate. 
„ „ „ Polished Brass plate 
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No calibration for a 60® notch has been done so far in the Insfcitn*^ Th.a • j r ,i j. , 

as the smaUer angle gives greater head for the same discharge and more'accuracv ^ d^charges 

gauges were read up to *0004' with a vernier scale. In the Instituto diqohfir^ ^ V notches the 

sharp crested weirs and 2-0 Cs. with the V notches ’ ge up to 5-5 Cs. are measured with 

with the enhancement of the valut of water with the devetopi^ofSLn and it U ho^l important 

jju^ by .b. p„t„,o„ to .b. to..bod;^rgis;sc°d“y 

118. iSiT^ome^er. 

engmeer it is neces^ry to know the quantity and the grade of eUt in his canal water The a uantitv 
is found b“m^^ ^a^ Stm^nf 

Fn(rin»? ^ “■ quarter of nineteenth century a siltometer, invented by the celebrated 

S^rL^atSnXtjch pa^rl?^ ‘ scientifically accurate results (See 

Taylor^D^f ’ F?C If Institute, by name Dr. E. Mckenzie 

119. Main gauge, 

.. b»..S«r“uXSTJeS“J"®^“' *° " ‘ “*' 1“ •'>“ P”P»“ 


Fig. 112 


1 Bombay P. W. D. Hand- 

ok, Volume II (1931) description is given of the 
ym<m8 ramgauge, prescribed for use in Government 
I)artment3 by the Director of Observatories, 

%IrHif “ 

ba<iA ^ parts: (a) the 

» (o) the body, and (c) the funnel. Inside the 

noo/ 51 placed a glass bottle into which the rain 
passes through the tube part of the funnel. 

or measure the rainfall, take out the bottle 

Stot^ J^eceiver from the body and pour the water 
SX ^ s® graduated with 

amoiinf ^ corresponds to a certain 

funnel. FuU inform- 
l^partmeS subject is available with Meteorological 



-8-5 

5 Raingauge Max- Cap. B of Raih. 


^EV£uo^ Ground 
S 111 s 


reader. The 


intensity of raiiT^lf^ interval between two readings taken by the gauge_ 

Nowadays self recordiiiff or one hour during continuous rain, is not shown by such gauges" 

type which recorH^^nf P^^^e l>een invented and are sold in the market. There is an uSegrat- 

6 yy wmcli records automatically the total rainfaU at any time from the beginning of the storm. 
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CHAPTER XVII. 

Miscellaneous. 

120. Fwcoim resistance of fluids and froude^s experiments. 

Fluids in motion are subjected to frictional resistances, mainly due to viscosity, that is, to the resistance 
to sliding between two adjacent layers of the fluid. It has been found that the motion of a fluid is a steady stream 
line flow for low velocities only. After a certain velocity is reached, the motion is no longer steady and eddy 
currents appear. The velocity, at which the steady flow changes to eddy flow, is known as critical velocity. 

Froude made investigations to find out the frictional resistances of surfaces moving in water. He built long 
tanks, filled them with water and moved long wooden boards, whose surfaces were treated with varnish, calico, and 
sand in turn. The boards were moved with known velocity, from the results of his experiments he concluded 

(i) The frictional resistance varies with the square of the velocity and also with the nature of the surface. 

(ii) Frictional resistance per square foot of the surface decreases as the length of the board increases, bat is 
constant for long lengths. 

Total frictional resistance in lbs. = /A V^: / =* frictional resistance per sq. foot of a given surface at unit 
velocity in pounds : A = area of wetted surface in sq. feet : V = velocity of surface in ft. per second (for values of 
see British association reports, 1872-1874, also Encylo.-Brit. article Hydro-Mechanics). 

Knowing */* for surface of ships, the resistance of a ship to motion can be found, the resistance of the head 
of the ship to wave motion is also to be added. Ship builders by means of experiments know the value of and 
the value of head resistance and design the Horse-Power of ships accordingly. 

Prof. Unwin arranged to revolve a disc at a known speed in a liquid and obtained the coefficient of friction of 
the disc's surface by measuring the work done. (P.I.C.E., Vol. 80, P. 220). 

In the case of ships moving in water against a viscous resistance and wave resistance, the latter due to the 
formation of surface waves, is a gravity resistance as the wave gains in potential energy. The non-dimensional 

V 


factor governing the gravity effect is known as Froude number and is the ratio “= 


V (Lg) 


,where L is the length of 


V2 


ship. It is also expressed as —^ : L = length of parameter influencing flow : 

Froude number is criterion for turbulent flow in short pipes and open channels, also for shooting flow with 
high velocity in open channels where V is greater than critical velocity and gravity forces are dominant. 

Sir Isaac Newton and Poissenille investigated the phenomenon of viscosity in details and their mathematical 
treatment of the subject is worth reading by those interested in it: 

Coefficient of viscosity of a fluid , / being resistance per unit area ( = viscous stress ): g being 

angle of distorsion due to viscosity : also p = : M = unit mass : L = unit space : T ^ unit time: 

The relation between the coefficient of viscosity and the density is known as the kinematic viscosity denoted by 

K : density D in engineer’s units = — : also taken in Absolute units : K = : W = weight of one cubic foot 

8 

of the fluid. 

121. Reynold's experiments. , . 

Osborne Reynold an eminent physicist made detailed experiments of the flow of water throng P 
He ascertained different discharges, different velocities, different hydraulic grades Pipes 
dUmeters. He also noted the different temperatures of water from time to time. He found th jo^ities 

water consists of two types. (.) For low velocities the flow is in stream Im^. As the ^ ve 

increase, a point is reached where the flow is turbulent. The velocity at this pomt inversely 

also found that the value of this critical velocity varies mversely with the diameter of the p p 
with the temperature of water. It also depends upon the density of the liquid and its velocity. 

He arrived at the following formula :— 

Vrd . 

= 2,000 . 


k 

Vc 

d 


= lower critical velocity. 
= diameter of pipe. 


k = ratio 


U 


D 


= coefficient of viscosity. 
= Density of fluid, 
all in C. G. S. units. 
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M iscellanecnis 


There are also intermediate critical velocities between the lower critical vplnnifv \.irrU i i 

the flow changes from stream line to turbulent flow gradually. ocity and the higher critical velocity 

. 111 . 


Reynolds equation for higher critical velocity is 


V o.d 


2,000 and 2,500 are called Reynold’s numbers. For any liquid in motion if thp o nnn . 

to. tow. u .b,v. 2.500, ,tto». Th«, /.,«rtoS 

Engineers generally deal with problems where the flow in pipes is turbulent and velocities used are above the 
cntieal velocity ; and Reynolds numbers interest very much those engaged in research work? 

Punjab Engin^ring Congress (1943) describes the results of Osborne Reynolds in a more 
detailed way. For complete account of Reynold s experiments see philo. Trans. 1883. Proceedhigs Royal society 

is known as “ kinematic viscosity 


Vol. 74 : The ratio 


Re 3 moIds number is criterion of Dynamic similarity as the viscosity forces are dominant • and Laminar flow 
as in smooth pipes at very low velocity or seepage through sand when R, Reynolds number is less than 2,500. 

critical vXS of a fluid is 0-8 and its coeflScient of viscosity is -01 in C. G. S. units. Find its lower 

From formula 110, = 2,000 : 


k = ratio of coeflicient of viscosity to Density = — = 


01 


= 0125 


Vo = 


2000 X -0125 


25 

= -r- 0 . m. 


per second if d is taken unity, 

main P®"" ® temperature of 60' F is to be pumped through a C I 

roeSoient P®^ = ^md the HorsVPower reqiked if the 

coemcient of friction and roughness and viscosity ft be 0*589 in this case : ^ 

20 Tons of oil in one hour = 12-44 lbs. per sec. or= -218 ou. ft. per second: velocity 
_ -218 

area of 6' Pipe — P®^ second: see Formula 52(a): Head lost in friction h =4 ;xLV2 x - ^ ■ 

-589 X 1000 X 1 11* --. 20 X 2240 X 90-7 


= 90*7 feet (of oil) H.P. required = 


60 X 33000 


= 2*05. 


2 X 32 X J 

122. Bou/ndary layer. 

sides °^j®rved that the particles of water, in immediate contact with clayey soil of the 

particles sLw vulht f- r ° '^® P^®®®®'^ *‘‘® “‘^® ‘^e centre of the canal, the 

side bank and rin If”® “O'^ement down the canal. Their velocity increases slowly with the dUtance from the 

the canal U deTelopS ^ resistance to flow of water due to the physical condition of the sides of 

a lamhmtid Hele-shaw discovered the existence of the boundary layer and Prandtl conceived the idea of 

a lamm^d boundary layer, transmitting the fluid resistance to the surface. 

the ^ stationary, there is a boundary layer between 

and rea^lta^t^rnfM!^"® like Re 5 rnolds and others have gone into the details of boundary layer theory; their analyses 
canals faiHAa iV,.or? i are not of much importance to civil engineers dealing with the flow of water in 

Th h f weeds), pipes ^des incrustated), rivers with bends, hollow sides, and projecting points. 

by exnerimAnf'K!r°*^^^^ formula V = c ■>/ r Vs quite good for their purpose, the value of c, the constant being found 
through ninoo ^ authors. Professor Unwin after careful experiments has arrived at formulae for discharges 

than practical'to^oi'^^en^L]^^T^^ developed into very interesting details which are of use, more academical, 

123. Energy theory of Uirbulent flow of liquids 

ee paper No. 212 of P.E. Congress by T. Blench, i.s.B. (1938). 


Before our ^ "Ti® Vs, has always been, and still is the basis of flow formulae investigation, 

between srnnnfK k of boundary layers, there seems to have been no appreciation of the apparent difference 

of the Kutt«r f and rough boundary turbulence, except by physicists, and the result was “ universal ” 

dynamical point^^^ which are distinguished by dimensional heterogeneity that renders them of little use as 
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Manning s formula is most suggestive and simple, based on one class of data. 

V = Const. (article 109 c). 

Where ‘ R ’ is hydraulic mean depth and ‘ s ’ is surface slope for a channel and non-dimensional premre 
gradient for a pipe. ^ 

The influence of Reynolds was to bring the physicist’s investigations on to dimensional lines ; but it did not 
affect engineer’s formula noticeably. 

Recently some authors have made investigations on the subject without success as to final flow formuUt. 

Prandtl talks of mixing velocities. See Forschungsheft V. D. 1361 (Berlin). He imagines the frictional 
resistance of fluids to arise from transference of momentum between layers by the passage of particles. It is generaUv 
observed that in turbulent flow, the particles travel from one side to another, from bottom to top, ncs rersa. 

His formula for rough pipes is :— 

1 


= 1-74 


112 . 


, — — 2 log — 

V (4f) ^ K 

For smooth pipes :— 

;j-^= 2 1og{R ^4f )- .8 

r = radius of pipes. K = average height of roughness projections. 

r / 4 flv* \ 

~ = roughness factor : f = frictional coefficient as used in the chezy formula ^ hf = “ 5 ^^ j 

R = Viscous resistance per unit area of wetted surface (Phil, Trans. Vol. 214). 

Mr. Blench’s formula for rough flow is :— 

V = C Ri si . 

C = 89 for rock faced masonry in cement. 

= 115 clean hard brick well pointed conduits. 

= 123 Dressed masonry cement. 

= 158 clean neat cement pipes. 

When a mass of fluid moves down in a channel, the rate at which gravity works equals rate of 
of energy at the boundary layer, plus rate of dissipation within the fluid. This is called energy theory of How. 

formula No. Ill is based on this theory. 

Lacey’s theory takes into consideration canals in alluvial plains, and rivers in spate with the bed 

in active condition. These channels are characterised by the fact that they form the.r ‘“d X 

in their own incoherent transported material (silt). A ngid channel can only adjust its R (Hydraulic mean radios) 

a rigid pipe its ‘ s ’ (slope); but a regime channel adjusts its ‘ R ‘ s and ^ . p being wetted perimeter. TW 

terms are all uniquely determinable as functions of the discharge Q and the Lawy silt ^ 

The energy tlieory of flow has been taken into consideration by Lacey, as detailed in the institution o 

papers 4736 and 4893. ■ ♦ h oilier 

Lacey is now considering over the fact that in a moving mass of water, small masses stake agams eac 

and produce shocks. 

i24. a new treatment of the principles of flow. 

In paper No. 263, submitted to the P.E. Congress m 1^43, rniiip uia^n. “"■;Vd"Vl^ followiag 

Irrigation Department of Punjab in India (1930) gives a new treatment of the principles of flow and 

is an abstract from the said paper. , , aim There are 

(t) When water flows in a canal, the particles adhere to the sid^ these protuberances. thaT 

tuberances along the whole of the wetted perimeter. When t e pa f® whioh are the chief source of reaistanee 
are deflected towards the main stream, resulting in the formation of edd.es w^ch 
the flow. During heavy floods or rains floating matter hke leaves etc., are seen gomg 

the centre line of the stream, being deflected from the sides. , _j j 

Some of the eddies that are formed along the ^d of the channel, travel to the fto 

and some die in the body of the water en rouie. These form ako fcr^of m^ity and there is io 

On account of the fall in the bed of the canal, the mass of water is act^ on by ® ^dies- Velocity 

the energy of the moving water is balanced by the equa and o^te ^ index of * 

merely a condition at which the acceleration o/ gravity is balanced by the 
working of the two forces, equal and opposite, defined by the rate of ow, i. e. y 
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Gilbert and Murphy, experimenters of California, draw attention to the rhythm or wave motion of flow of 
water. They observe free flow as oscUlating motion, each filament developing a wave length or periodicity of flow. 
To them this seems to be a fundamental law. The writer has noticed in inundation canals and rivers when in flood 
that water flows in masses of different small lengths, with different velocities due to different resistances on account 
of varying condition of the surface of the wetted perimeter. Each mass moves as a separate entity, strikes against 
the other, resulting in the formation of waves, each mass developing a periodicity of flow. Along the sides of the 
canal, the wave formation is restrained, the filaments of water jostle each other and bring about eddying motion. 
Thus the energy, created by the acceleration of gravity, is dissipated. 

By velocity we mean an average of different velocities of different masses of water of short lengths, over a 
limited reach of a canal. 

(ti) We have considered the accelerating forces (F) impelling flow and the opposing equal forces (Fj) due 
to resistances. We will now consider the work done by these forces. Let us take first forces F. Suppose the bed 
slope makes an angle ‘ a ’ with the horizontal, the unit mass of water denoted by ‘ m * and the depth of flow by d. 
Then the work done by the forces F 

= m g sine ‘ a ’ d foot—pounds. At velocity V, the work done by forces Fj = C m V^, c being a coefficient 
depending upon the nature of the perimeter of the canal. 

Thus m g sine ‘ a ’ d = c. mV*. 

This is the fundamental law. 

All the above notes relate to clear water, flowing into open channel. 

125. Non-dimeiisional Factors, 

In article 121 a non-dimensional factor, known as Reynolds number, was defined. This factor has an 
important influence on all problems dealing with the viscous resistance of a fluid. It is merely a ratio. In 
article No. 129 it is stated that wave resistance of a ship moving in water also depends on a non-dimensional 
factor known as Froude number. 

On applying the principles of dimensional similarity to other problems in fluid mechanics such as weirs, orifices, 
etc. it is found that they are governed by other non-dimensional factors. This higher mathematics of hydro-mechanics 
generally do not fall to the lot of a civil Engineer ; therefore further treatment of this subject is closed here. 


126. Compressible fluids. 

(a) Properties of gases. 

As a gas is easily compressible in comparison with water, the variation in its density is considerable, which fact 
complicates the calculations on gas flow. 

If P = Pressure of gas in lbs. sq. ft. 

V = Volume in cu. ft. 

t = Temperature as measured by a thermometer. 

T = Absolute temperature. 

— t 273 degrees C. 

= t -h 460 degrees F. 
d =s Density of gas 
W = weight in lbs. per cu, ft. of gas 

= fig 

’ Then volume 1 lb. of gas = cu. ft. 

® w 

Let Kp = specific heat at constant pressure in ft. lbs. units. 

Kv = Do do at constant volume in ft. lbs. units, 
r = ratio of specific heats. 

_ kp 
kv 


J = Joule’s equivalent of heat. 

= 1400 ft. lbs. per degree Centigrade. 

= 778 ft. lbs. per degree Fahrenheit. 

E = Internal energy of 1 lb. of gas reckoned above 0®0 or 32® F. 

Let suffix 1 represent the initial condition of the gas and suffix 2 the final condition. 
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■ ^ transmitted through 400 feet of 3' pipe ; the supply pressure is 150 lbs. per 

sq. in. and the minute at the supply end. Calculate the delivery pressure assuming the tempera¬ 
ture remams at 15®C throughout and that Pv = 96 T for 1 lb. of air. e» i 


Take f = *005 


A = Area of 3 inch pipe = *0490 sq. feet. 

Q = Flow = 180 cub. feet per minute = 3* cu. ft. per second. 


Velocity 



•049 = 61 ‘4 feet per second. 


T = Absolute temperature = 15 + 273 = 288 
R = a constant = 96 
By equation 113 

SHvS \ 

2gdTr ) 

- 8 X *005 X 400 X 61*222 x 
2 X 32-2 X J X 96 X 288 ) 



= 139*6 lbs. per sq. inch. 

For discharge of gas and atmospheric air through pipes, see Molesworth pocket book pages 649 and 650: Edition (1927). 
127, Buoyancy of a Balloon. 

According to the principle of Archimedes* which applies to bodies immersed in a gas in the same way as it 
apphes to body immersed in liquids, the lift of the balloon is the weight of atmospheric air which it displaces minus 
the weight of the balloon and also minus the weight of the light air contained in the container attached to the 
balloon. 


The lift would be maximum if there was vacuum in the container, but this condition is not possible as the 
contamer would collapse inwards due to the atmospheric pressure from outside. To prevent this, the container is 
tiled with the lightest gas possible at a pressure nearly equal to that of the atmosphere. 

The gas pumped in the container is generally Hydrogen or Helium. 

Weight of air per cub. foot = -0756 lbs. 

Weight of Hydrogen per cub. foot = *0053 lbs. 

Weight of Helium per cub. foot = -0116 lbs. 

For further information on the subject, see books on airships. 

128. Resistance of a sphere ynoving in fluid. 

The motion of a sphere moving through a fluid depends on the density and viscosity of the fluid and on the 
radius and velocity of the sphere. 

If R be the resistance to motion then 


abed 

R varies as D u r v 

D = Density of the fluid 
u = viscosity of the fluid 
r = radius of sphere in feet 


V = Velocity of sphere in feet. 

R = 6 r V u for a sphere with uniform velocity. 

This is known as Stoke’s Law. This law is used in the grading of fine powders, the particles of which are too small 
o be measured by direct means. Officers in charge of research laboratories, attached to the Irrigation Department 
or canals, use this law to find out the fineness of sand and silt in the canals. 

A glass tube of about 14 inches diameter is graduated to some scale and fixed to a vertical board. The silt charged 
ater from a canal or a river is put in the tube. 

Time is noted as the silt deposits in the lower part of the tube from one mark to the next lower mark. Thus a 
mparative statement of the fineness of silt particles from various canals is made. 

XV .* Archimedes :—(287-212 B.C.) a Greek Geometrician and Philosopher of remarkable power. He discovered 
pnnoiple of lever and specific gravity, also invented the famous Archimedian screw. 
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129. Surface tension, 

Thf^ ^fferent density are in contact, the surface of contact forms a curve called meniscus 

fornm^^on of curved surface is due to the attraction of the molecules and it is found that there is a sliirht 

pressure difference between the fluids on either side of the surface. The surface acts as an elastic akin which iain 

tension m both directions ; this is surface tension. “ “ 

This phenomenon is familiar in the bubble of a spirit level used by engineers. 

vessel, the surface of the liquid is curved near the perimeter only; the value of surface tension depend* 

f meniscus for a water surface in contact with the atmosphere, the surface tension has a va ue of 

about *00042 lb. per mch at a temperature of 60® F. 


130, Two dimensional flow of a liquid. 

The motion of a liquid in a two dimensional plane may be in the form of a free cylindrical vortex, a free spiral 
vortex, a forced vortex and a radial flow. 

. cylindrical vortex :—In this type of flow, the stream lines are moving freely in horizontal ooncentrio 

circles and there is no variation of total energy ‘ E ’ across the stream lines. When the upper surface of the liquid 

^ free, it assumes the parabolic shape. If a tube is fixed at the bottom of the cylinder, vertically, in the centre, to 

dram away the cylinder, then the vortex assumes the form of a free spiral vortex, as seen in a tornado, a water spout, 
etc. 


{^) forced vortex :—This is the case of stream of water moving in circles in the casing of a centrifugal pump, 
the whirl of the stream being caused by power from an external source. In a forced vortex, the liquid has a constant 
angular velocity. 


Va = 


V 


Va = angular velocity. 

V = Velocity in a straight line, tangent to radius, 
r = radius of vortex. 

A forced vortex will have a centrifugal head impressed on the liquid, caused by its rotation. 


The centrifugal head = ^ 


*) = ( 


V 2 
' 2 




) 


lU. 


P 2 = 
Pi = 

V, = 
Vi = 


w / V 2 g 

intensity of pressure at the outer end of the outer radius 
do do do do inner radius 

Tangential velocity at radius R 2 
do do do Rj 

(c) Radial flow of a liquid :—This has been dealt with in article 14*0 Fig. 16 C- The liquid is flowi^ 
outwards between two horizontal flat discs, placed parallel and fixed distance apart. The liquid is supposed toen 
at the centre of the upper or down disc through a hole by means of a pip© supplying water under a known pro^^* 
The ends of the discs are open to Atmosphere. The water flows from the centre in streams along the 
The path of the stream is a straight line, therefore the radius of the stream line is infinity, and change o ° 
across the stream lines is 0. As the water flows between the plates radially outwards, the area of flow wi in 
and the velocity will decrease. This will cause an increase in pressure. 

Velocity at any point at a distance of r from the centre is given by the equation. 

^ ^ . 115 . 

27Crt. 

Q = Discharge in cusecs 
t = distance between discs in feet 
r = radius of any point from the centre. 

If the inner radius is rj, and the outer radius is Cg and 


Vi and Va be velocities respectively, and also intensity of prwanre 

p __ p Q® / — ) 

be Pj and Pg at the ends of the radii r^ and Tj, then —= 87 cH*g V » 

If the values of Pj, Pg.are calculated and plotted on a base representing r, and r*.the curve o 

will be a parabola, known as Barlow’s curve. See article 14. 

(d) Free spiral vortex .—This is a combination of radial flow case C and free 
a free spiral vortex the liquid is rotating and flowing radially at the same time^ thus 
spiral, the resultant velocity of the fluid flows at a constant angle to the tangent at su 
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Take the case of a metal cylinder 4 inches diameter, 3 inches high, closed entirely at the bottom, sides and 
top ; on the top, there is a hole f inch diameter. On one side, there is a horizontal inlet at bottom | inch diameter ; 
water under pressure enters this inlet, whose centre line is a tangent to the radius of the cylinder. Water chums 
roimd and round in the cylinder due to its ent^ from a pipe tangential to the cylinder. As the water enters the 
cylinder under pressure, it spouts from the hole in the top of the cylinder in the form of a spiral and sprays out. The 
height to which the water goes up depends upon the pressure available in the inlet pipe. 

This appliance is called a sprayer and is used to spray out sewage-effluent on the top of a filter, to aerate it 
for purification purpose. 

Such sprayers were put up by the writer in 1925 on the sewage disposal works at Kilokri (New Delhi) and at 
Kasouli (Simla Hills) for the new T. B. Sanatorium (Lady Linlithgow’s noble work) in 1941. 


131. Deierminaiion of coefficient of viscosity. 

If a steel ball is allowed to fall through a column of the liquid, it will first accelerate, but the resistance to 
its motion increases with its velocity until it just balances the pull of gravity on the sphere. When the sphere 

reaches this stage, it falls with constant velocity, V, which is ascertained by timing the fall through a known 
height. 


The resistance of the fluid according to Stoke’s Law. 

R = 6 TCu r V . 

R = resistance to viscous flow 


r = radius of sphere 
V = the constant velocity 
If D = the denisty of the sphere and 
Dj = the density of the liquid. 
Then pull of gravity on the sphere. 

= 5 7Cr3 (D — Di) g . 


This pull of gravity = fluid resistance on sphere at velocity V 
or J 1 ^ (D — Dj) g = 6 7U u r V 


from which u = 2r^ g 


I>i 


9 V 


) 


117. 


118. 


Thus we get the coefficient of viscosity u. 

It is presumed that the velocity V is low, no eddies are formed by the falling sphere, and the cylinder containing 
the liquid is of sufficient diameter to prevent its surface affecting the motion. 


132. Karachi sewerage scheme. 

The city of Karachi, built by the British on more or less flat ground, has been divided into several 
drainage areas, each being sewered separately and sewage collected at the lowest point into a sump wherefrom it is 
lifted by automatic Shone’s Ejector, worked by compressed air, supplied from a central station. The compressed 
air forces the sewage out from the ejector’s drum into a C. I. force-main which discharges into a gravitating out- 

lall sewer, at the end of which the sewage is pumped for distribution on the sewage farm about 1,500 acres in area, 

without being subjected to any bio-aeration treatment. 

In 1940, the writer was engaged to design sewerage scheme for a part of the Karachi cantonment area and 
nad to propose a Shone’s Ejector near Empress Market, the particulars of which are given below : 

. The ejector to consist of two drums or collecting chambers, each to store 200 gallons per minute : maximum 
quantity of sewage per minute 400 gallons on population basis : rising or force main of 9 ^ C. I. Pipe, 1,860 feet long : 
otouc lift for sewage, i.e., the difference of level between the invert of rising main at discharge end and the level 
oi tke mvert of the discharge pipe from the ejector drum is 17-36 feet: 

friction (See nomogram No. .3, Fig. 61A) through 9* C.I. Pipe, 1,860 feet long, for a discharge of 
4U0 gaUons per mmute, including loss in bends = 11 feet, total Head = 17 -36 + 11 feet = 29 feet. Air pressure 

in ejector = 29 X 62*5 X — = 12-6 lbs. say 14 lbs. per square inch. 




one 


gallon 




« ■ 


. , — Volume of free air required for one gallon of sewage : V, = Volume of 

— Atmospheric pressure outside the ejector =14-7 lbs. per square inch : 

— i^ressure mside the ejector = 14 + 14-7 = 28-7 lbs. per sq. inch : 

^ V.rorVg = 0-31 o. ft. Add 10 per cent for wastage. 

ThiiR In required for 400 gaUons of sewage = 400 X 0*331 = 132 c. ft. say 160 c. ft. 

or 3 of 100 c ft^ea^^ ° required: Allow for one stand-bye, two compressors, each of 160 o. ft. are needed. 
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133. New Delhi water supply scheme. 

The following notes, collfected by the writer during his service (1913-1927) in the P.W.D., New Delhi. 

1 , Pumping station at Wazirabad for raw water from the river Jumna : —The raw water pumped here of 

better quality than the water lower down in the river. Centrifugal pumps are used : The same are driven bv hieh 

speed steana engines, supplied by boilers on the spot. Each pump is capable of lifting 350,000 gallons per hour 

against a total head of 26 feet, including 7 feet suction. The suction pipes have no foot valves, the suction vacuum 

bemg created by injectmg steam into the suction pipes. Steam coal (2'' rubble) used in the boilers amounts to 4 
cwts. per hour. 

_ , water is pumped into a small preliminary settling tank and thence sent to main pumping station at 

Ohandrawal, one mile lower down on the River Jumna : 

(6) Chandrawal pumping station : — Here the raw water is admitted into large settling tanks old type, the 
latest pattern being at Dehra Dun Town and thence filtered through rapid filters (Pattersons) and pumped to a high 
level service reservoir for distribution to old city of Delhi and Xew Delhi. Messrs. Worthington and Simpnons supplied 
the steam pumps, worked by triple expansion steam engines (High Duty). Total head 120 feet: actual quantity 
of water pumped by each pump = 180,000 gallons per hour. Steam coal used 8 maunds per hour. Total quantity 
of water pumped 6 million gallons per day (1925) : Patterson filters = 10 units ; each unit to deal with 750,0«)0 gallon* 
per day of 24 hours : Alumino-ferric used in the coagulating tanks of filters = 1*3 grains per gallon. To sterilize 
the water, bleaching powder used per day = 108 lbs. After 1920, chlorine is used in place of bleaching powder: 

2 lbs. of liquid chlorine are used for each million gallons of filtered water. No ill-effects due to chlorine. To oope 
with the increased demand for water-supply, centrifugal pumps worked by electric motors, have been installed lately, 

134. Long lines of large pipes :—Often long lines of pipes are laid to carry water to far-off placee. The 
difference of even one inch diameter in the size of the pipe would make an appreciable difference in cost: Therefore 
the diameters should be calculated on modern formula, based on modern experiments conducted by specialists. In 
formula 52A, the value of p, (often written as /) is given below for different pipes of different kinds. (See Journal 
of the I.C.E., 1937-1938 and Proc. Roy. Soc. Vol. 161). 

Table No. 28. 


Diameter 

in 

inches. 


6 


9 


12 


18 


24 


30 


36 


48 


60 


Values of Coefficient / for Pipe Flow Formula. 

^ 2gd 


Smooth Pipes. 


1-3 


0066 

0050 

0065 

0043 


0047 

0038 

0044 

0035 

0042 

0033 


0037 

0031 

0035 

0029 

0034 

0028 


9 

Clean Asphalted 

New Cast 

Pipes. 

Iron Pipes. 


4-6 


0047 

0043 

0042 

0038 


• • 


0035 

0033 

0033 

0030 

0032 

0029 


0029 

0027 

0028 

0026 

0027 

0025 


8-20 


0042 

0043 

0035 

0030 


a a 


0032 

0027 

0029 

0025 

0028 

0024 


0026 

0023 

0025 


• • 


0025 


1-3 


0102 

0090 

0080 

0070 

0067 

0059 

0056 

0048 

0050 

0044 

0047 

0041 

0044 

0038 

0039 

0035 


Velocity in feet per second. 


4-6 


9 9 


• 9 


■0086 

0081 

0067 

0064 

0056 

0063 

0046 

0043 

0042 

0039 

0039 

0037 

0036 

0035 

0033 

0031 


6-8 


0079 

0060 

0050 

0042 

0038 


« • 


0036 

0034 


0029 


1-3 


0067 

0064 

0061 

0068 

0057 

0054 

0054 

0051 

0052 

0050 

0050 

0045 


• • 


0042 

0037 

0036 

0032 

0032 

0030 


•0063 

•0061 

•0057 

•0055 

•0053 

•0052 

•0050 

•0049 

•0048 

•0045 

•0043 

•0040 


0036 

0035 

0032 

0031 

0030 

0029 


0060 

0059 

0054 

0053 

0050 

0049 

0048 

0047 

0041 

0040 

0037 

0036 


0037 

0036 

0029 

0028 

0028 

0027 


Old C. I 

Pipes. 


4-6 10-15 1-3 


•0152 

•0139 

•0135 

•0117 

•0122 

•0115 

•0108 

■0096 

•0087 

•0078 

•0076 

•0067 


0061 

0056 

0057 

0051 


10-15 


0135 

0128 

0114 

0108 

0110 

0100 

0094 

0089 

0076 

0073 

0065 

0063 


0122 

0120 

0103 

0100 

0092 

0090 

0084 

0080 

0069 

0067 

0060 

0059 


• • 


0054 

0052 

0050 

0049 


0050 

0049 

0i>46 

0045 


The value of / for a given pipe, given velocity, given discharge can also be ascertained expenmenUlly 
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